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SO0Q USER GUIDE UPDATES

June 1980 Updates to S0Q80128

INTRODUCTION

2 \a

This document defines the changes made to the SOQ code (S0Q80128)
. between January and June of 1980. The changes either correct short-
] comings found in the code or, more usually, document the increased
capability being continually built into the code. The S0Q code is i
raintained as SOQ80128 June PL,ID = AFLOJRA as a NOS/BE-1 CDC update

-l format file.

UPDATES

1. *ID FIXZRN

This update redefines the coeffiencets to be input to the Zernike
subroutine. This new convention is more physically meaningful in that,
at least for lower orders, the coefficients are in waves. For example,
to impose one wave peak to peak of defocus (PA) on a beam, one would

! input P(4)=1. The phase applied is now:

¢(1,3) = ﬁ?knzk(I,J)
The subroutine affected is ZERN. This update does not effect the rest
! of the code.
2, *ID FIXJIR

This update ensures a correct definition of DF in subroutine JITRBG
since when JITRBG is called from subroutine QUAL, the X-coordinate
array contains RA/D coordinates, not the spatial coordinates.

e

Only one line of the code is affected by this update.

3. *ID ROTZRN

! Due to different coordinate system orientations for data, it became
necessary to allow for this variation within subroutine ZERN.

Define the data x and y coordinates to be XROT and YROT, and the SOQ

x and y coordinates to be XIN and YIN. The rotation angle is then

defined to be 6 (in radiams). f
}
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June 1980 Updates to S0Q80128

Page 2
COSROT = COS(®)
SINROT = SIN(8)

XROT = XIN x COSROT + YIN x SINROT -
YROT = -XIN x SINROT + YIN x COSROT

Application of Zernike polynomials to and SOQ point located at

(XIN, YIN) would then be calculated using Z(XROT, YROT). The possi-
bility of axis flips are also accounted for and are flagged by

FLIPX or FLIPY not equal to zero. Namelist ZERNS is modified to
include FLIPX, FLIPY and the rotation angle (in degrees) ZTHETA. No
common was modified. This update modified only subroutines GDL and
ZERN.




SCCCTUFCTOIC=ARLCSEST 4 SCCEC1ZRGIL=ARLC R Frer
*TCENT FIX2RA

+/ 2Z2TRM
+CELFTE Z2RNIKE LIS
CEL = CFL+2,1415C2¢€¢
*CELETE 2RNTKELIZE
C 2CXecZF FHICN) = FIaF(NY22(N)Y//

«JCENT FIXLTR
*/ CJITREC
2CELETE CITTERZSelITIERGIC
CF = 14/7(FLCATINPTS)YICY)

*ICENT ROTZRA
=/ CGCL
*CELETE ZRNINF(CWT

D

NEVMELYIST /ZERANS/ FCoFoFFPACGSICNAYGNTERMZ o ZTHTITL 9 L TIPY 4 LIFY

INSERT ZRRIKE .S

ZTHETA = TFHE CLOCKXWISE ANGLE CF RCTATICN (F THE CFCCHMFCSITIC

AXES CNTC THE SCGC CCCRCIMNATE SYSTEV

IT 1S JIAPLTY IN DEGREES,

RCTATICN,

FLIFY = 1« RESLLTS IN A FLIFP APCLUT TFHE Y BXIS EBFF(PE

*

¢

C

C

C

C FLIFX

€

C

¢ RCTATICN,

*ZELFTE ZRNIANFC(CLZ
CIMENSTICN FZ22SV(Z0410)

*INSERT ZRNIMNFCL7
ZIFET2 = Co
FLIFY = (.
FLIFY = (.

*INSERT ZFMPINF(.S
FZZSVUIZERN2)
P22SVIIZFERA94) FLIFY
FZZSVIIZERNST) FLIFY

*CELETE ZRNINFCL1C92FANIN"Coll

ZIFETA*+2.141E52/1%0.

204 CALL ZEFMCF22SVUIZEFRN Q1) g FZZSVITZFRNGZIGFZZSVITIZERN ST
X F22SVUIZERNG4) 4FZZSVIIZERNGS ),y
¥ F2SAVE(2E¢IZERN) 4FZSAVE(1412ERN))
*/ ZERT

«CZLETC ZRNINF(CL12
SLERCLTINE ZERNCSTCVMAY G XNTRNZ24THETAQFLIFXSFLIFY9PCyF)
*»INSERT ZRNIKE LT2
CCSRNAT = CCS(THETY)
SINRCT = SINCTHETA)
*CELETE ZRNIKE (7€
*DELETE ZRNIKE 77
XIN = x¢Ix)
YIN = XL1Y)
IFCFLIPY CTeeB) YINhz==YIN
IF(FLIFY CTeeS) XNINz=¥YTIN
YFCTYT = YINSCCSRCT 4 YIASSIARCTY
YRCT = «¥INeSIARCT ¢ YINa((CSRCT
JF(FLIFY el Te=eE) YRCTI=-YRCTY
IF(FLIPY LT a=20ek) XRLTz=-¥YR(T
XSC = XRCTeag
YSE = YF(TeagZ
*CELETE ZRNIKELEC

1o RESLLTS IN & FLIF QECLT THE ¥ PYIS EBFF(CRE

BFFCRE CALCULLATICN CF TME Z2EPNIKE PCLYMGMTRLS, :

de

‘. THET = ATARC(YRCTGYRCT)
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«JCELTY MIRSLYM
*INSFRT SULVWVRY.CEIE

~

AN
C #wee CCPY TEPULEC) TT CLTFLYZ
C

£nC FILE E=€
C
WFITOC(E42C2E)
REWINC EC
70CC REACCEQ44CCE) IC1eCZ
4005 FCRMLT{114c2184)
IFC(ENFIEC)eNELCL) FC TC 701F
¢ IF(ICl1eEGel) WRITE(EL2C2IE)
WRITE(E4404C) C2
406C FCRVAT(1(¥Xe2124)
tc 7C 0(€C
7018 RPVINC EC
BRITE(E$2C2ED

REWINE €7

40CC PEAL(S7440CS) IC10C2
IF(ECF(ET)eNEWCW) CC T
IFCIC1eECel) WRITECE 42
WRITF(€44C04C) C2
GC TC 4CCo

4015 REWINT €7
WPITE(£4202E)

FEwIr?T €7

ECCC PEAC(ST44CCE) TC10Ce
ISC(ECF(ST)eNEelWs) EC TC €CIE
IFCICT14EGel) WRITF(ELZI(2E)
WRITE(E404C) C2
¢Cc 1C €e((C

£€C1% REWIMNE €7
WRITE(E42325)

[l e Eal

REWINL TELMRY
SCLC REACCTISLMRYZICCE) TC1eC2oC2
IE(ENFCISUMRY)LNECe) EC TC
IFCICIWEGel) WRITEC(ESZIC(2E)
WPTITT (€42040) CZ,eC2
Gc 19 sC(C
€C1¢ REWINC ISUMRY
WRITECE£42C02E)
C
C e4sa CCPY TAFE(ECY T CLTFLTZ
C
MRITECL92C025)
REWIND E(
ECCO0 REAC(EC940CE) IC1eC2
IFCEOF(S()eNEeDe) CC TC ECIE
o IFCIC1.5C1) WRITE(E,,2(C28)

see% (CPY TEAPEL(CISLMRY) TC CLTFLTE

501%




i N - —— — — e
|
L Fece z

BRITEC(Eg4CHL) C2

: £C 1T °gre

}‘ 1S RIWIND =g
WPITFteq2028)

Yy

i

NI
il

it .

[ —————




‘ UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPL ETING, FORM
! T. REPORT NUMBER 12, GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
i AFWL-TR-79-141 ﬂ: ﬂpﬁ 2KL5
- 4. TITLE (and Subtitle) S. TYPE OF REPOART & PERIOC COVERED
SYSTEM OPTICAL QUALITY USERS GUIDE Final Report
i Part 2 Of 3. - . 6. PERFORMING ORG. REPORT NUMBER
‘ TTAUTHORS) 8. CONTRACT OR GRANT NUMBEA(s)
? J. L. Forgham
2 S. S. Townsend F29601-77-C-0025
; J. L. Campbell
}" 9._n.Tuﬁnumc ORGANIZATION NAME AND ADORESS 10. 2:22“.‘:o'.“,‘"gﬁ."f*'..’u?.‘{ﬁ,’ . TASK
i United Technologies Corporation
't West Palm Beach, FL 33402 00011408/63605F
-3
f 11. CONTROLLING OFFICE NAME ANO ADORESS '2. REPORT DATE
L Air Force Weapons Laboratory (ARLO) xatftalgieﬂAccs
Xirtland Air Force Base, NM 87117 267
14. MONITORING AGENCY NAME & ADDRESS(if different rom Controlling Otlice) 15, SECURITY CLASS. (of this report)
| Unclassified
3 iSa. JECLASSIFICATION: JOWNGRAJING
3 SCHEDULE
L 16. DISTRIBUTION STATEMENT (of this Reaport)
] Approved for public release; distribution unlimited.
17. DISTRIBUTION STATEMENT /of the abstract enterad in Block 20, i different from Report)
}
18. SUPPLEMENTARY NOTES
This report is divided into three parts. Part 1 consists of the front matter :
and text pages 1-34. Part 2 consists of text pages 35-296 and the References. ;
Part 3 consists of Appendices A and B and distribution list pages 297-360. :
19. KEY WORDS (Continue on reverse side /f necessary and identify by block number)
Laser Optical System
Code High Power Laser :
Optics High Energy Laser i
N Optical Quatlity ;
— A0~ AQSTRACT rContinue an reverse side if necessary and identify by block number)
This report describes the System Optical Quality (S0Q) code structure and the ,
input to the code required for analyzing High Power Laser Optical Systems. The
S0Q code provides the designer with a physical optics model of the system. The |
code traces the beam from its point of origin in the resonator through the I
optical train into the far field. This report is divided into three parts. {
Part 1 describes the general structure of the SOQ code and establishes a i
correlation between the usual optical elements encountered in the optical __4;,(¢W;$3

DD . 2n'm 1473 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS BDAGE /When Data Entereq)

f
I
i




e e e e e A s i - . -

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

]

20. ABSTRACT (Continued).

“} train/gas dynamic laser resonator and the appropriate SOQ models. Part 2

acquaints the user with the individual S0Q subroutines and their analytical
formulations as manifested in Fortran within the SOQ framework. It also
delineates the input required to exercise the subroutines, familiarizes the
user with the operation of the SOQ model, and contains working input modules
which carry the user through the usual calculations of the SOQ code from input
generation to loaded cavity calculations. Part 3 contains Appendices describing
S0Q updates%\

N
! \
/

DTIC TAB ]
Unanncunzed [j
Justilication——

Aceession For
NTIS GRA&L
]

By ...

Distritutien/ ,
Avalilatility Codes i

Avail and/or B
Special

A @3

P

UNCLASSIFIED

SECUMITY CLASSIFICATION OF THIS PAGE(When Daca Kntered)




SECTION III
MAIN EXECUTIVE CODE

1. PROGRAM SON

a. Purpose -- Program SOQ is the main driver program or executive code
for the total SOQ code. Many parameters such as mesh size, number of points,
initial position of the optical axis, the initial coordinate array, and the
initial field itself are established in this routine. Once the above param-
eters have been initialized, there are several options available for opera-

tions on the field. Those available are:
(1) Calling subroutine GDL, the executive program for
propagating the field through the optical elements
(2) Performing a quality calculation

(3) Gradient search optimization

(4) Parametric studies.

The above options can be activated in any order and as many times
as desired by sﬁccessive reads of namelist START. The flag for ending
execution of the entire deck is to set WWL = 0 in the last read of
START.

b. ¥ormalism -- The only major explicit calculations done in SOQ are
those which determine the initial field when it is not to be read in. The
OPTIONS are:

(1) Plane wave - constant amplitude
(2) Plane wave - Gaussian amplitude
(3) Spherical wave - constant amplitude

(4) Spherical wave - Gaussian amplitude.

Letting E(x,y) represent the field, A(x,y) the field amplitude, and
¢ {x,y) the field phase, then the field is determined by:

35




io(x,y)

E(x,y) = A(x,y) e (8)
where
_ const. 5 5
AGGY) = Const. - (5: + v (9)
e 2
J
and 0
8(x,y) = T (2+ z) (10)
TR\ Y

e

The other calculations based on input distributions are performed in

subroutines.

c. Fortran -- The only common variables that are not altered in this
routine are SPACE and CFIL. The others are altered and are defined as
follows:

U =‘tﬁe complex field array
X = the coordinate array
DRX = the x position of the optical axis
DRY = the y position of the optical axis
NPTS = the number of points in the x direction
NPY = the number of points in the y direction
= NPTS if SYMTRC is false
= NPTS/2 if SYMTRC is true
WL = the wavelength of the radiation
PLTSG = plotting parameter (none, amplitude, or intensity)
INT = set to O

The relevant parameters are read into the program by means of the
namelists described below,

(1) Namelist START -- This namelist is used to initialize para-
meters such as field, mesh, and coordinates, and is used to direct the cal-
culation to other sections of SOQ. It is read repeatedly until WWL < 0 is
encountered.

ol = Arnp )




C90000000Q°¢0004904.0000000000000000“000'&0..0.0000000'00.0.000.00..000(
NAMELTST /STANT/ awl eCAL NPT IURK sUNRY JRESTRT o [Ne [ReNCALL
X AWRGFS,  [TMUMy  SYATRC  +uGAUSS » TITLESe Pe[RaD
X « PLOTS
PLOTS 3]s  amMPL[TNE o PHASE SCICE PLYTH
PWLOTSE oo Ny SLICE OR [Su=luTenNns[Tr PLUTS
PLOTS2 1ee INTENSITY, BERMASE SLICE PLUTS
LTS 2 .0 [NMTEGSITYe PRASE SLICE WLUTS NTLIPLTS)
NCALE CONTROULS TwF MOYFMENT [NSIUE MAIN
2 ée APL SECTIUNCCALLYS WL AND REAU ClLleX FlYM U[SK
I Cal. T GUALTTY ALGUNYTRUM. READS QLNT
e Cant T OANY OF TaE GUULY PLITTING RACRAGESe READS THEEY
W 5TARTS ARTIUAZATION ALA UAVIUNe WFANS NPTIM
h DAWAMETRIC STUDIES. s IWVOLVES CHANGING ARC ARHAY FOR L

[ I I T

C

C

C

C

C

C

C

C

C

C

[ b AIS HAWAM
C0000iOQOOO000Q00000090000...00.00'00..0..000000.0QQOOOQOQQ.OQOOOOOQOOOC
c 4L IS ~AnlATION wavELENORT

C JCal 1S INTrAL SlgzZF OF CALCJULATIUN 2GI0M

C WPTIS Ty MuMmen NF FIELD PUlNTS ACRUS> NCaL

C JAXSOWY = Twe (Xev) RUSITION OF THE CEMTER UF C1 RELATIVE

C Ty TaF QPTICAL AX]S

C HESTHT 1§ CONTWOL FUR WFSTARTING Wil ¢ XISTING GAalN CO=EFF AND
C INXYIAL FIELD FRUM Wmk ¢[UUS mUNeesoseoaqos

< T B o [F WMESTARTINGs U TF FE U 1S TO SF Rean FROM 14
C FALSF. [F NUTe UW TF TSITIAL Flelh aAND XeS aNE TO 4r CALC
C IM = 10T NLAHES F paTa SET Fuw GLUL amMh CaviTy

¢ [F [~ = Ne THEN Thewxk IS ~NO CALL To GDL

o

C

C

C

C

C

C

C

o

C

c

C

IR IS AT MumeEs OF NPT FIELY TU wul
I[F [k = 0« TufN SOTRING |5 “EAD
AMPGES 1S INITIAL AMPLITUUE OF STARTING HEAMIWFAA AMPLITULE
FOm GALSS]AN!
PHIRAD TS PHASE FrianT WAJTUS UF CunvATURF (20,0 FUR PLANE)
[TANUM (€ Thp TIFWATIUN NUMHEW, . [F tUnSPFCIFIED TT READS UFF DHISK

SYMTLE [S LUAICAL FuUW SYAMFTW[C AaNAYLSYS OW NUT
DGAUSS IS ULTAMETrW al wmll~ GAUSSIAM AMPLITUDY = 1.0/F

“0009000006060000000990000§09090000000.00000000000609“0“00GO“odqoooooor

(2) Namelist QLOT -- This namelist establishes the parameters nec-
essary to perform quality calculations.

YAMELTST/LOT/ TITLEs Tubkle Mde [9aVe THHASFs P43 oWF

TITLE #00 RLUTS [N DUALITY <SQUTINE
[9LT 15 QUATTING SARAMETER FOW HLTUT .., WALITY »PLUTS
N O1SU=TNTRNGITY AND MUuwE <« Vv »L/D 30000 #LuTsS
] FARA=FTELL Pwre ¥vS RHL/D HUULDeseqnse
2 MG AQULY RLOTS  CAaLLuLaTED Pywk= 05T, Oay
I JS0=INTTNSTITY LOULDe Pwl JiSTe AT G Pwe L/ 2LuTS
o CALE Euwk@ INSINF RIA UNLYe,aNO CALL T 2Tyl
Nk = =REAM TAMETE R
1Sav 9 SAVING Pawamt TbWoeneenssos

20, HON2T SAVE x] save hpoT FIFLD

2] USE HATE SET w9 Fur [NFUT

A TS0 N0




IPHASFE FONTRULS TwE PrASE CUNRECTIUNS APPLTED 10 TWE FTELD
0 NME
1 PLanaw (ORRECTION
¢ SP=-WE T AL
3 BRATm
BB TS TaE ICRFT O STE FUR URTIMACATIUNG.e[F & CALL Tw uaL IS
TRUME AEFOWE ORTIVUM I1HE HUCKRET [$ SPECIFIEDN wFRE
WP 1S PL/D waDT IS Fow QuALLTY CALL'y ATION

noNnhocCcocCcCcoOonn

VOGUBLINVRGILOUIODBVBIRVODIOV I UYIvOROVIVOOIUNIVOBVLOROCRRORTOCRRRCNGUGW

(3) Namelist THRED -- THRED establishes the parameters required

for three-dimensional plotting routines.

VAMFLIST /7 TWUFN /7 BLUTINeTIT = e AM,
x BUTISUe = OTe MATSUs PSLICES NPe JUFAJT, 2445

vLoTan STHVE, pun TeREE SIMENSTuAL PLITS OF iF AR FIEL
FALSE, FUR U RLUTS

TTlLe INFURMATIIN ryUm Tame?s 9B G0 dal PLOTS
GTAM OF TLLUS'wATE L FLELY Of 2LOTy

TiTer3
DM

PLTISO 18 LsiCaL FOR [SuUPLUTS uF Fleu?
WRLNT TS TrE waTuy yF (I9CLE OwAwn 0N ISQPLOT Fuw WFEFPRENCE
NTATSA 15 LIAMETER Wb [3PLuTS DESRED °
RRLLCE TS L ICan FOROSLICE BLUTS UF ¥ I1FLD :
f = TeE SLICE [N veDR, PLOTTTED. [F 3 d.,, b = NOTS/P ]
Fazr e MU P ASE HILOT RPOR TS
Lo “E° "wE PHASE '

aNaEaNaNaNaNaNa YN aNaNaNaRaN AN S WA

PR NI RV RVRTE- RV Rrpr Ry SR R RN EV PR AR R TRV E L SRR PR R R DD EEL A LA DL L DY B R e

(4} Namelist OPTIM - Namelist OPT2 -- These two namelists are used
by the optimization portion of the SOQ routine. OPTIM must be read first to
direct the optimization procedure. OPT2 establishes which parameters are to
be used in the procedure and their constraints.

NAMELTST/ GRTIM , DRy (RCTe 1IN0 MeIATT, 'OW

Wb = JUCKET S[/JF Fouk wuAlITy OrTIMIZ2ATION

[PIT 2 | WwiwFk WITHIN WM
2 TOTAL POWER [N HFAM .
3 PEAK INTENSITY

NI 1S NUMEFR OF T vA[ARLES TO A OPTIMI/FL

NRTGIT 2 glOREST huMHEr UF TTERATIOMS T He PRRFIAMED .

NRA 1S Iwf dHFav (1ITAMETEW FOW JUALLITY CaLC.,oTF CALLFD T) wiiaL .

FARLTIER TmIS 1% vul WEEDEU

22X XaKalakaEaXal
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1
3 NAMELTIST/0BTZ/ TEL LS TEL2ey  TRLJI» aMIMNe XMAX. XAQD
J C (TELL o IFL2oIELY)Y I3 THE VECTUR UESCLRIRING TWE HOSITION OF TwF
1 C ORPTIMI/FD PARAMETEW, .o IN UPENRATIOMAL SPACE
C XMIN AN() XMAX ARE Tre CUNSTRAINTS UN THE OPTIMAZEDN VvECTOW
C RADN TS A CONSTANT ApNEN TO THE UPTIMAZER VARTABRLE SUCH THAT
C [TS VALJE IS NEVEN cQUUAL TQ (CERY
c THFWF AnF LINU NUMHER UF CALLYS TO TilS NAMFLITIST
o
f ]
A (5) Namelist PARAM -- This namelist gives the parameters to be
] varied and what values are to be used.
i
GAMEL TS T /2 2aPAM /0 NELlewbLPenkLde  NPANAC  XNPaHAS
X MEciombLloMELY e MPAKAY  XMPARA
: c (PLISELPeELIL 1S THe VECTUR DESCIR{BING THE POSITIUN OF THe
L VARTARLE wrlCH 1S Tu Re vaR[ED
C VPOADA GURARY ARE THE WUMBER OF C=ANGFS [N FACH VARTAHNLE
C ANPARA « XMVARA ARF TrneF AwRAYS THAT CONTLATN TwF VALUFS wit[Cw
C AnE T AR USF
C eo0deoeale ANLY ohe SeT [95 Tu e VAKRIEU USr ONLY THF NwWard SET,
c AN SET MELL 2 O Tee: NES ANF THE [NNFR LUNP  Sos0vrdoccce
c [F da® AwRAY 1% 7O Hp CHANGFD a%ND WU CALLe AT WIS “IMe TH
C AUTG L e Taeh Sr T MPARAS0, .6 THEN Tw VALIIES CaM HE CHANGED
A C IR Ly ONe TS T st CtAnGF Sgl Mg 1=
C 99029 CALLS ETAHFEN GOL AND PARAM 10 GUAL+PLUT ,,ewltllL AF <ESFATEN
C [NSINF Trk waRaAnE TRiC LOVR
C\')QO“OOOO“OOOQQQ&OOOQO'b\)000000000000000000w':\'l00000000000000000000#0090(‘
(6) Program SOQ (Program SOQ Flow Chart (Fig. 12) appears on page 40.)
PROGRAM SOQ 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
PRUGHAM S0UlUUTPUTsTAMELs faPEle TAPE Sy [ AP TAPES, CUKRR] 1
A TAPEOBUUTRUT,1APE /e larEde TAPEDe TAME LU IAPE Ll o TAPR L TAPE L S0 MALN 3
W TAPEjesTarelnelarEioelfarel /e TarEldy1APELYe TARRLVTAPEL, MAIN .
’ CTAMELLTAPEZ2 3o TAPE 2609 TAMELZD e | APELO e IAPEZ /s TAPE2M TAPELT S0U7TICY]) 1
. VTAME3Us TAREJL) FUPTRLA A F
LEVEL ZelusCUneoPACE LUKKE 1
CUMMUN /7P ST/ SPACE(LUGUY) CUKRE 4
CUMMUN/MEL 1 /CU(L0388) oCPLLILODLE) s R 1 LLD) WL o NPTSeNPY sURKoUNRY MA LN !
CUMMUN /PLISLI6/ MLOTSL T ] 1
CuMMuN ZLNETLZ INT MAIN [
VIMENSIUN TLILE(2U) eAS(I) sAUPL6) sALURNIS) s XUM (&) o MALN 9
AJUP(30a) o ROCH10) 0 ABC 1204V 2 TITLEI (V) s AUPADDLG) o CilvasSTey )}
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2.  SUBROUTINE LIST80

Calls: N/A
Called by: MAIN

Subroutine LIST80 is called by the executive routine MAIN to list data

input to the S0Q code. The LIST80 flow chart (Fig. 13) appears on page 4S.

After control is passed to LIST80, header information is printed.
The input unit is read and a counter, KARD, is incremented for each
record read. The input data is reformatted and printed on the line
printer. When an end-of-file is received from the input unit, it is
backspaced K records and control is returned to MAIN.

Arguments _
E
K Unit number on which input is read (usually 5).

Relevant Variables

C Card inputs read and printed as read.
, SUBROUTINE LISTS80 76/176 OPT=1 FIN 4,6+452 04/27/79 12.23.47
SUBRQUIINE LISTBUIR) CURR L 14
C TrIS ROUTINE wWITES ~NAMELIST INWUT mUPRFULLY CURRL 1y
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Rand = | Cunm} 18
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wrlTE (6040) COMMNY 21
“Q FURMAT(/» CUMNL 22
2SHOCAND 9 19A0 10 (LML) o l0(LIME) o lu(LHI) o JuliNe) s 10 (LHY9) COMRY 43
SLULIMO) 2 10 UINT) o LHBe/ THICULUMN 4L 98 (1 UnL2Ie507890) ¢DA 0 CUMR ] 26
SSHCANV /) CUNN] 29
DU 25 U & Lyed CUMRYL 26
1 READ(KS) C CUNRL a7
IF (EUFIR) oNEeUUIGYU TO )9 CURR L 1]
9 FORMAT (2UKS) ) CUnR | 29
WwRiTE(6e10) CoKARY CUNR] 30
L0 FURMaT( LuaesdO0Aasid) CUNR] 31
KARD = KARD + ) CUNNR] 32
¢S CUNTINUE CUNR L 33
WiTE (0e4ad) CUHR | LY
. al1TR(0e35) CURR} 39
| 6V T CUKR) 36
! 19 [BACK = RARD = | CURRAR L 37
U0 o5 | & (o]l8aCX CUNRIL Je
{ 5 HACKSPFACE K Cunrl 9
WR1ITE(6e00) CumR1L (Y]
! W ITE (809%) CURRL ol
! 3y FuwmaT(in]) CURR ] 2
RETUrN LUMNYS 27

LND UUMMYS <8




CALLED FROM MAIN
LIST 80(N)

[

PRINT

HEADERS CORR1. 19-==25

CORR1. 27

 CORR1. 28
PRINT CARD CORR1. 30
BACKSPACE

INPUT UnIT | CORR1. 37-=39

RETURN

FD 162893

Figure 13. Subroutine LIST80 flow chart.




3.  SUBROUTINE AEROW

Subroutine AEROW is used to apply a random phase variation to the
complex field. Figure 14 shows the subroutine AEROW flow chart.

AERO is entered with the complex field array real coefficients, CUR,
and with the number of points in x and y.

SIGMAM is a constant established by previous aerowindow work. It is
later multiplied by the random number returned from the RANDU call to
give the proper random phase range for an aerowindow.

Inside the DO LOOP, the random phase is obtained and the sine and
cosine of the negative of this phase is taken. A negative number is re-

quired to yield a diverging phase impact.

The complex field, CU, is represented by a complex number, a + ib,

whereas the CUR variables represent the real coefficients alone.

CUR(1)
Cu(n) a + ib
CUR(2)

[
w

]
o

The random phase is applied by:

CU i

(a + 1b; te

(a + ib) (cos ¢ + isine)

acos ¢ - b sin ¢ - CUR (1))
b cos ¢ + a sin ¢ + CUR (2)

Cu(1)

Argument List

CUR Complex field array
NPTS Number of x points
NPY Number of y points

47

(11)

(13)

(14)




: [ ]
CALLED FROM GDL ‘(Cuékﬁllg?‘S’?NYP»

1

AEROWINDOW CONSTANT
TOTAL MESH POINTS

IX=7
SIGMAM = 3V12
NOB = NPTS NPY

!

DO 1

. GENERATE
! RANDOM
NUMBER

"o PHASE CHANGE

1=1,NOB

/—ﬁNLDT'X

1X, 1Y,
YFL

]

IX=1Y
P=YFL*SIGMAM

!

SIN P =SIN (-P)
COS P = COS (-P)

Y

12=2-1
12M1 =12 -1

V

AEROW.8-=10

AEROW.MNM

AEROW .12

AEROW 1314

AERQOW )15-==16

AEROW 17-==18

CUR (12M1) = CURS COSP-CUR (12) SINP | AEROW
CUR (12) = CURS SINP+CUR (I2) COSP |19-==23

| MODIFY
COMPLEX FIELD

Figure 14.

RETURN

Subroutine AEROW flow chart.
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Relevant Variables

CURS 0dd number members of field CUR

p Phase change
SIGMAM Aerodynamic window constant

0.312

YFL Random number generated by "RANDU'

SUBROUTINE AEROW 76/176 0PT=1

SUGRUUT INE AgRUW (CURSNPTIeNPY)
AERUUYNAMIC wINQUW MOUEL

OO0

Fieww

LEVEL ¢ CURINPISenpPY

ULIMENSIUN Cumiy)

i1x s/

SiuMams U 30V * SUNTLLZe)

NUB 3 NP TSeNPY

VO 1 1 8 JeNUB

CALL MANUUYU ([XeiYeYFL)

1A = |Y

P a YFL ® SluMam

SINP 3 SiN(=w)

CUSP & CUS(=VF)

Ie s 2°!

[2Ml 3 [¢ - |

CUNS = Cur(lemi)

CUR(12ML) 3 CURS®COSP = Cum(ic)*HIiNK
1 Curtfe) s CURS®HINP » Cumilg) *CusK

4 1 Cul 1 ) aQut I ) ® CEARICMPLAIYcr=M))

Re TUNN
(3, 1V)

4. SUBROUTINE RANDU

Subroutine called by AEROW returns rectangularly distributed

numbers in the range 0 to 1 in the variable YFL.

RANDU flow chart.

SUBROUTINE RANDU 76/176 OPT=1

SUBRUYUT [NE WANUY  (LReLYeTrL)
C WHANOUM NUMEER GeNERATUR

FIN 4.6+452

FIN 4.6+452

C THLS HOUTINE SUPPLIES TRE mANUUM NUMBerS (U AENUw

I = [x%499
IF (LY) 24500
S Y s Llye 2la7ap3087 + |
6 YFL = [Y
YPL 3 YFL/Z2]16T6830607,
HE TURN
eny

49

04/27/79

THLS HOUTINE APPLIES A HANUUM PrASE VANMIATION TU Tk CUMPLEX

Figure 15 shows

04/27/79

12,23.47
AbwUw 2
(Y3 {¢] ] 3
ALROw [y
ALHOW ]
AtxOw [
AEROW 7
ACKOW [}
AtNOW 9
ALROW 10
AEROW 1l
ALROW 12
AL RUwW 13
AEROW le
AbNUW 15
At HOW 16
ALrOW 17
AERUW 18
AbmUOW 19
AEROW <290
AEROW 2l
ALROW 22
AENOW 23
ALKOW 26
random
the

12.23.47
HANUY 2
<ANDOY 3
HANUY o
RANUY H)
RANOY [}
RANDY 14
RANVY ]
HANOY 9
RANDY 10
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RANDU
(1X, 1Y, YFL)

Y = IX*899
>0
1Y?
® Y=
Y = 1Y +

2147483647 +
1

® |

YFL = IY

|

YFL =
YFL/2147483647

RETURN
| -

i Figure 15. Subroutine RANDU flow chart. '




5.  SUBRQUTINE APRTR

Called by: MIRROR, GDL

Calls: N/aA

a. Purpose -- Subroutine APRTR applies an aperture, either circular or
rectangular (Fig. 16), with or without a central obscuration, to the complex
field. It also determines the value and position of maximum intensity on the
aperture plate. Figure 17 shows the APRTR flow chart.

Figure 16. Subroutine APRTR nomenclature.

APRTR is entered with the inner and outer obscuration dimensions

along with the coordinates of the aperture.

A test is made to see if the aperture is rectangular or circular.
The appropriate boundary parameters are computed. Each point in the
complex field is checked to see if it will pass through the clear aper-
ture. If so, it is left alone. If not, it is zeroed out after it has
been checked to determine if it is the location of maximum intensity on

the aperture plate.

- . ‘ o ) ,m ,..__..__J




CALLED FROM
APRTR

MIRROR, GDL
APRFIX.22
RECTAN !
i CTANGULAR \TYPE/ CIRCULAR 5
SET-UP SET.UP
APRFIX.| RecTANGULAR - CIRCULAR
61e=93| pARAMETERS PARAMETERS
CENTRAL CENTRAL
oy | RECTANGULAR LOOP CIRCULAR
OBSCURATION OBSCURATION

INSIDE

?

CLEAR APERTURE

CK FOR MAX
INTENSITY

!

ZERQ OUT
FIELD POINT

YES

APRFIX.
50 #=54

APRFIX.
41#56

Figure 17.

PRINT
RESULTS

RETURN

)

Subroutine APRTR flow chart.
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APRFIX,
23-e56

APRFIX,
57-a=60




The transmission function is

(RDISK< V(x-xpos)® + (y-ypos) <RAPRTR
t(x, y) =
lO otherwise

b. Relevant formalism

RPM

[}
-—
®
¥
g
S
—
g
1
3
—

These four locations represent an area surrounding the particular
point of interest as shown in Figure 16. For each of these sets of
points the locations of the aperture and obscuration are checked. If all
the four points impinge on an aperture or central obscuration, then the
intensity at that location is computed and checked for maximum value,
then the field is zeroed out (by the impingement).

Int = (ReCu)? + (ImCu)?

Max Int = AMAX (Int, Max Int)

PER = O

Cu = CU X PER
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(16)

(17)

(18)
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If all four points lie within the clear aperture, the field is
unchanged.

PER = 1

CU = CU x PER

If the four points encompass an aperture edge, then the intensity

is prorated on a percentage basis and transmitted.
PER = (RAD-RMIN) / RMAX-RMIN)

CU = CU x PER

where
RMAX = MAX of (RPP, RMM, RMP, RPM)
RMIN = MIN of (RPP, RMM, RMP, RPM)
RAD = Radius (or x or y dimension) at aperture edge

Argument List

RAPRTR Radius of circular aperture (cm) or x-dimension (half width)
of rectangular aperture (cm)

RDISK Radius of central obscuration of a circular aperture {cm); or

x-dimension (half width) of a rectangular central obscuration

XPOS x location of aperture center with respect to optic center-
line (cm)

YPOS y location of aperture center with respect to optic center-
line (cm)

YAPRTR y dimension (half height) of rectangular aperture (cm)

YDISK y dimension (half height) of a rectangular central obscura-

tion (cm).

(26)
(27}

(28)
(29)

(30
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an

Relevant Variables

A

AINT

AINTMX

DX
oY

XAR (N)

Half width of rectangular aperture (cm)

Intensity (W/cmz)

Maximum intensity (W/cmz)

Half height of rectangular aperture (cm)

x distance between points in the mesh (cm)

y distance between points in the mesh (cm)

= RAPRTR, aperture radius (cm)

x location adjusted for centerline difference and
accumulated dx (cm)

X or y position of N (cm)

y location adjusted for centerline difference and

accumulated dy (cm).

Commons Modified

SUBROUTINE APRTR 76/176 OPT=1

COONOOODOOO0

(t

)

99

Array modified CU(I) 2 APRFIX.56,93.

FIN 4.6+452 04/27/79

USUBRUUT INE APKRTKR (RAPHTRe ~UIBRe ARUSe YMUS, YANNTHe TULISA)
APERTUKRE MyLEL

THES WUUTInE APVLIES A CLRCULAR aMERIUNE wiTh WAUiUY ® WRaPxTIN
ANU A CENTwalL 0dSCumaliun wlfm wavius 8 wULSA CEnTexel) AMUUIT
AMUSe YRUYS,

MOQUIFLlED le/8/770 P, AUAMERAR) PUN RECTANGULAH APENTUNE

OF 4luTH & 20 wAPHTH, Mejomis 20 TAPRIR ANU A CENTRAL
ONSCURATLIUN UF «fUTm 3 20 NUIBKe mElONT 8 2o YO[SK

CAFABILITY Fum P INUING VALUE ANU PUSLILION OF MAX [wienSLIY ON
AMERTURE PLATE AUURU &/1¢/ /0 PAA.

LEVEL 2oLy
CUMMON/MELT/CUTL03846) sCFILILODLI2) sAAR(128) sul o NP TSeNPY sURA s UNY
CUMMON/ AY /uNOu o NRE Go AP TR

CUMPLEA CueCPrIL

RU(ARoYYo[RelY)SSURT ((ARS(AA)*LAPUA/Le) #9Le (AUS(TY) oYY/ Lo®lY) 00 Q)
UABRAN(2)=aaN L))

[F(YAPRTRNE Ve oURTULISKNEJUe) WO TO LBY
(2222 4213 CINCULA“ APEHTUNE (I 2121 TR T2 T Y]
WRITE(6e100U) RAPHIRIRDISK

IF (RAPRIRGEW0,016G0 TO lov

DU 104 [1Xs)oNPTS
ASAAR (I IX) sUNR=XPUS
VU LUl L1lvsieney
YBAAN(] 1Y) eUNYeYPUS

12.23.47

APRF I X
APSF L&
ArRF LA
APRF (&
APNF LA
APMF | A
APRF LA
APNEF L&
APWE [ X
APME LA
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APMF (A
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APHE [ X
APNRF [ A
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APWE 1 &
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APNF LA
SUAPN

APRF [ X
APMF 1A
APWF L&
APNF LA
APKF [ X
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CO®~TUT & ui—
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c APKF LA 30
R SHURT (Xe82eveey) APHF LR - 31 ‘
IF (R GENAPRTR) [NTCKS} APRF LA 3 i
c ) APRF L& 33
HPPEKU(LeYolol) APNRF L& FZ3 i
MMMERD (Re V9=l gw]) APNF 1A 3% v
HMPEHO (Ko Vo=]o}) APHF LA 3o
3 RPMERY (XeYolo=]) APWF LA 37
Pens), APKRE LR 38
RWMAXSAMAKL (RPH o MM o MY o HPM) APRF (A 39
IF (WMAXJLE.RAU) GO TQ LUV APWE [ X «0 -
+: PERSU . APRF [ X LY
[ RMENEAMINL (PP o MM o RMP 3 M) APNF LX o
[F (HMINCGE AU o0 TU LU0 APNF § A .3 '
s PENS (HAU=RMLIN) / (RMAA=RMIN) APRF LR L2} )
100 IF (1INeEQsl) PiHm),=PER APRF LA (1)
: NNN 3 [1Xe(lLlYay)onely APRF.LX .6 i
! ct APRF A 'S4
IFLINTCR.EWeU) GO TY Ll APNF LA Y]
INTCKsY APNF LA 1)
R AINTaREAL (CU(NNN) ) 902 o A[MAL(CUNNN) ) 0 APRF X %0
’ AINTMASAMARL (ALNToALNTML) APRF (A Sl
[» (AINToNEJAINIMA) GU TU 408 APwf [ X 92
AluTMxss APNFLX 93
YluTmrsy APHF LA 9 ;
[} APWF [ A 5
LUl CUINNN) 8 CUINNND @ SUrT(FEx) APRF L& 26
100 IF (RUISR,eWelosOR [ [NeWel) wi) TU JUV APNF LK o7
ST BN arwf A 58
HADSKRY [SK APMF LA 99
vl Tu 99 APRF 1A ou
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X GUede®=igH BY ®sudele® wluk®/) SUAPH 12
[F(RAPRTHeWelUed) Gy TU 20y SUAPKR 13 ;
A SRAPRIR APNWF [ & 63 i
B SYAPRTR APWF [ X 6o H
199 UV 2Vi [IXs)4NPTS APRFIA o9
ABAAR ([ [R) eUNR=XPOS APMF LA (2]
UV 201 LiYs]NPY APHF L X o7
YSRARI[LT1) QRY=YPUS APRF 1 X o8
c ¢ APRF LA 69
IF (ABSIR) B oHAPRTHOReABS (Y) s 5L e YAPNTR) INTCKS] ABRF LA 10
c APMFLA Tl
AMIN 3 AdS(A)=UR/2 APRF LR 12
AMAR ® AMS(A)*UXR/Z APRF 1 X 13
YMIN 8 AdS(Y)=UY/2 APRF L X re
YMAR 8 AUS(Y)eQY/2 APNF IR 7%
PEWEY,. APRE L X 76
IF (RMINCGEsAsUNYMINSGEY) WY TU 200 APRF 1X n
PERm] . APRF 12 ra
< [F (AMARCLE sAcANUeTMARWLE e8] GO U UV APWF L 9
' IF (AMAXLGE.A) MERSIA=AMIN) /UA APRF 1 X L 1]
IF (YMAXJGE.8) PER @ PEW * (B=YM{N)/UY APRF LA sl
200 [F ([INekUeLl) PERB| .~PEN APKRE | X [ T
[ NNN 8 [LXe({[Y=})eNPTS APHF 1 X 83 -
! [ APNWF L X 1Y
IFLINICRGEWS0) GV 10 2ul APRF | X [ 1]
! INTCKBY APRF I X (1]
ALNTSHEAL (CUINNN) )92 o ALMAGICUINNN) ) e0g APNF | X a7 .
! AINTMASAMALL (ALNToATNTMR) APKRF & [T 1
' IF (AINTNE.ALNTMX) GO TU ¢ui APNWF 1 X a9
AlnTMAmK APKRE 1 & 90
YinTMaay
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APRF { X

¢ APRF 1 X
SVl CU(NMNI 3 CUINNN) ® SQRT (PeNX) APRF L X
¢OU IF (MUISK.EWeDe o UNSLINGEWSL) WU TU 30y APNF LA
Ilns] AVRF 1A

A = RUISK APRFIX

8 8 YUISK APNRF [ A

GV TV 199 APNF 1 X

c AMKF I X
JUQ FAFsy, AVNF 1 X
[FINRRGeEWel s ORI NREVEUZ) FAPS] o/ wNUweeg APMF L X
ALNTMABAINTMA®F XF APRF 1 X

WHITE (6edlu) AINTMRoX[NTMR Y [NTMA APHF 1A

310 FORMAT(® The max [n{eNSITY UN aPERTUKRE PLATE (S [MAAS ®yulde5/ APKRF [ A
1® AND [9 LUCAIED Al XS ®4F [JdeDe®y Y& ®4F1JdeY) APNE [ X

RE 1 UNN APNP IR

c ) APRF L X
END AWNE [ X

6.  SUBROUTINE BLUMIT

a. Purpose -- In the interstage duct, phase perturbation can be
induced in the beam due to transient thermal blooming. This effect is
suppressed by a sonic purge flow using the transverse thermal blooming
routine. The BLUMIT routine models this residual sonic purge flow thermal

blooming in the interstage duct. Figure 18 shows the subroutine BLUMIT
organiczation.
) ( sumt )

ESTABLISH
PHYSICAL
PARAMETERS

BLUMIT. 13 —== BLUMIT. 22

}

DETERMINE
FREE CONVECTIVE
VELOCITY
{(NOTE RHO BECOMES
THE VELOCITY)

BLUMIT. 24 —e= BLUMIT 28

CALCULATE THE
TRANSMISSION FUNCTION

t = ¢ @ L2 o © BLUMIT 29 —= BLUMIT. 39

WITH > RETURNED
IN WAVELENGTHS

Figure 18. Subroutine BLUMIT organization.
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b. Formalism -- As the beam propagates through the sonic purge flow,

it is continuously distorted by that flow. Under the assumption that this
distcrtion has a perturbative effect on the beam, the integrated effect of
any thermal blooming can be approximated by a finite number of discrete
steps in the following manner:

Assume each step is of length DL. The distortion is applied by
propagating a length DL/2 to the center of the cell, then applying the
thermal blooming transmission function. The beam is then propagated
through the remaining DL/2 to the edge of the cell. The nonlinear
blooming transmission function t(x,y,AL,I(x,y)) is

t(xy.aLI0xy) = ¢"@AL/2Z ike (31)

where, @ is the absorptivity of the medium. 4¢ is written

Q.

27 dn AL ' 32
8 = 37 | dz' 8T (x,v,z") (32)

This can be rewritten using the equation of state for an ideal gas
(P = RTp/M) and the Gladstone-Dale relationship. Assuming constant pressure,
the expression of A¢ becomes

oC AL
i¢ = -E—"- (- ?.'D) f ' 8T (x,y,2") (33)
' 0

where ST represents the temperature variation in the flow due to heating by

the beam. For transverse blooming, 6T can be written

x
8T = oC;v f dx' I (x',y,2) (34)
T

In the above expression, the flow is assumed to be from the negative X direc-
tion with speed v

T
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This effect is activated in subroutine CAVITY by setting NGTYPEs2. The
duct is then treated as if it were another cavity, the gain/phase transmis-
sion function being that of transverse thermal blooming. It is updated by
subroutine REGAIN.

Since the only mathematical difference between transverse and free con-
vective is in the velocity, this routine can also handle free convection
blooming with

2aP(2)g \ 1/3
fe ’( )

oCpT (35)

c. Fortran

Argument list

P = Intensity array. It returns as the phase change in wavelengths due
to blooming.
G = Gain array. Intensity loss due to blooming.
NCV = Cavity number
WL = Wavelength

Commons modified - None

Subroutines called - None

The subroutine BLUMIT computer printout follows.

SUBROUTINE BLUMIT 76/176 0PT=1 FIN 4.6+452 04/27/79 12.23.47

SUBNUUTINE HLUMEF(PeGenCYomy) sLUMIT ¢

C INFERSTAGE LUCT IHEMMAL JLUURMING MyuURL sLuUMl 3

C TS NOUTINe CALCULATES THE CUMPLEA THANSMESSIUN FUNCTLION Ub ThE sLumi T’ [

! C ALL [WTENSTAGE UUCT A9 A FUNCTION 0P TME PUweR UEBNSLILES wlTNIN sLuUMiT S
} C Tre wuCrl sLumlT 6
C TS COUL [S wWELIMINARY sLUMiT 14

LEVEL 2 PoGeXCowi BLUMLT ]
CUMMUN/CAVR/ACIS) 070 (5) o LL19) oNALID) oNY (S) oNS(S) sy XMCLD) s TMC (D) o sLUMLT 9

\ 1 NNL20) e92(19002) o TVLID) 9 Iv2iD) s 1VIIO) o TUNZIS) o 1 SCAVID) 953(39) BLuUMLl 19
i E FETLE12U) saVUID) oNOTM sLUMLT 1l
OIMENSLION P( L ) b(}) BLUM]T 12

anvolL 3 T3CAVINCY) sLumMi! 13

ALFA 3 TV]INCV) sLuMlt is

CP = TV2INCY) sLUMLT 1%

i AMY 8 TVIINCY) BLymir 16
I 8 TyN2INCY) sLuMf{ 17

OELZ 8 £C(wCVv)/NS(nNCY) sLumMlTl 18
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NAA = NX(NCV) . T owLumir 19

NYA 8 NY(NCV)/(NSYMe]) sLumMlt 0
MUTaNXASNY A sLumiT 2l
DELX 3 AC(nNCVYV) /NKA sLumMiT 22
IF (RMUG3Tele) VU TU JU glLumM(T é3
SUM = Q. BLUMIT 26
NO 12 [s)emyf aLuUMiT 29
12 SUM 3 SuMeR(]) sLUMET 26
SUM 8 SUMPTOELA®YC(NCV)/NY INCY) sLuML T er
RO 3(980.605°SUMPALF A/ (RMUSCHOT) 1 09 (| ,/3,) sLum(r 28
10 CAP 3 (23°ALFASDELZOVELA/ (CP®I*RMY) gLumiT 29
CAP2 = EXP (=ALFA ®ukLl/2.) sLumir 30
18 5 o) suumfr 31
IF {ANGL ¢ GE«90.) [Ha=] sLumlt 32
VY 20 JslenNYA SLUMIT 33
SUM s (. sLUMLT 36
V0 20 IsieNaa sLuMlT 35
IA & (leNXA)®(1=[B)/2018°] » (J=i)eNaA sLuMl{ Jo
SUM 3 Syme B (]a) gLumir 37
PLIX) s SUMOCAP sLumMlT £
20 Glle(y=1l)oNXA) = CAPE sLumll 39
RE TURN dLumMiT .0
ENU gLumMiT L3}

7. SUBROUTINE CAVITY

a. Purpose -- The CAVITY routine models the interaction of a GDL
cavity and the complex optical field. As the simulated field is propagated
through the cavity, it interacts with the flowing medium. As a result, both
the intensity and phase of the beam are modified through the CAVITY routine.

Figure 19 shows the subroutine CAVITY organization.

b. Formalism -- As the beam is propagated through the cavity, its
intensity and phase are continuously updated. The beam's amplitude and phase
are amplified and redirected by the medium-induced gain and phase change.
This medium-beam interaction results in an integrated effect. It is assumed
in CAVITY that the total effect can be approximated by a finite sum of N
terms in the following manner: The total cavity length Z is divided into N
steps, each Z/N = AL in length. In each segment, the interaction of the
field with the medium is approximated by vacuum propagation through half of
the segment, (&L/2), followed by the application of a field dependent trans-
mission function of the form

vy
t(x,y,I) - EAL [(g(x,)’,l)/z + 1 _\;f \An(X,y’I))] ) (36)
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( CAVITY } }

p.
INITIALIZE ARRAYS cavITY. 103
AND PARAMETERS CAVITY. 287 L
’ :
PROPAGATE TO CAVITY. 258 e
FIAST GAIN/PHASE CAVITY
SEGMENT vITy. 275
i
|
. FIND INTENSITY CAVITY. 276 ——em
INCIDENT ON THE CAVITY. 312
G/P SEGMENT )
!
} L
G/P LOOP APPLY THE CAVITY. 313 ——em
p TRANSMISSION CAVITY 320
i FUNCTION
i
]
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ITY 1 —
TOTAL INTENSITY ON g:zwv 2337
SEGMENT FOR REGAIN :
CALCULATION
PROPAGATE TO NEXT CAVITY. 348 —e= |
G/P SEGMENT OR OUT CAVITY. 360 b
OF CAVITY :

RETURN

Figure 19. Subroutine CAVITY organization.
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The gain coefficient g and refractive index 4n are calculated in other sub-

routines using an appropriate choice of kinetic modeling. The heam is then
vacuum propagated through the remaining AL/2. This procedure is repeated
until the beam reaches the end of the cavity.

c. Fortran
Argument List

NCAV = Cavity identity number (1, 2, 3, ... N)
ILR = identifies the direction of propagation through the cavity:
-1 => right to left
+1 => left to right
NEWCAV = A parameter that identifies whether the cavity has been entered
before.
INIT = .True. if it is the first interaction of a given run
= .False. if it is the second or subsequent interaction.

NSTE = Controlling parameter for subroutine STEP. If the geometric
beam is converging or diverging, variable area mesh propaga-
tion (VAMP) should be used.

NSTE = 1 Constant mesh with setup
= 2 VAMP with setup (exit at end)
= 3 VAMP (setup and remain in VAMP)
= 4 VAMP (uses existing setup and exits)
= 5 VAMP (uses existing setup and does not exit)
IN = Input data set number or file from which data is to be read
RESTRT = .True. if initial beam is read in from unit IB
= .False. if analytical initial field is desired
NPLT = Controls plotting within cavity:
= 0 No plot
= 1 Print field before and after gain and gain coefficient
ZLI = Incoming propagation distance to cavity endwall
(Additional vacuum propagation distance)
ZLO = Exit propagation distance to cavity endwall
(Additional vacuum propagation distance)

Note: VYNone of the parameters in the argument list is redefined by

subroutine CAVITY.
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Common variables altered:

US - the intensity array
: PPD - interpolated power density
' CDUM - interpolated gain/phase transmission element

XCAV - cavity coordinate array
t GFACT - define by namelist CAVTY2

CFIL - redefined by its equivalence with Power Density array
; CU - the complex field - modified by propagation and the application
: of the cavity transmission function
' CG - defined for the first pass, read in for subsequent passes (Cavity
gain/phase (G/P) array at each station within the cavity)

Namelist/CAVTY 2

T

CAVTY2 is used to initialize the cavity physical properties. The name-
list is as follows:

NAMELTST/Z CAvTY? /XLENSsYLENSZLEMNSAMCaV e YMCAY o NODK ¢NOQY JNGSEG e
2 FLAOWMRFEST,y NUTYPFe NURPLOTM. TUSEs [TPUFNeTI ¢ T24T 3TN eTSePSev,
X D3I0CHG X2 eXCN2 e AP0 AL AO2 e TITLEWALFAWACPoVELTY JTTEMO 4 ANGL o
A AVHAING GFACT=

XLEWN TS LENGTH OF CAVITY Jiv FLOw DIRECTION
YLEN TS CENGTH OF CAVETY aC=uUSY WUZZLES
JLEN 1S LENGTH OF CAVITY [N OPTICAL UIGFCTION
XMCAV [S THE (=N]ST OF OPTICAL AX[S FROM NOZZ2LF £X]7T PLANF
YMCAV 1S TmF yvy«=0O]QT OF OPTICAL AXIS TO CAVITY axis
NODX 1S NUMHER UF GRIU PUNTS ALUNG X(EN
NOGY [S MNUMKER JUF GRIU POINTS ALUNG YL FH
NOSEG IS mMNUMHER QF SEGMENTS, “MaAXIMUM UF & PED CAVITY
FLAG TS PAKAMETER WwHICH CONTROLS SELECTIUN OF DESITY FlcLy
1e SR=1+CUNTOURED STIVUEwALL
P. SV=1y FLLAT SIDEwALL
. ALL UFNSTITY
4e MOU=H lLS‘l
Qe INPUT FROM CARDS OUN DATA SET,eelNeooo
Ao SAME SPLINE CO=EFF THAT wERE READ [N FlVF
RUN 112 AT T=2]l.6 SEC RIGUMT STAGE ROTH wALLS
28,1 READ NAMFLIST UENSE8 FOR RIGHT >TAGE
=9, PUN 109 AT T=]l,8 SEC LEFT STAGE ROTH walLl>
39,1 REAN NAMFLIST DENSY FOR LEFT STAGF
10, WEAD UVENSITY FIELD FROM yniIT 390
211, PEAD DENSITY FIELD FROM UNIT 31
MREST S 4 FLAG FOR COMPUTING A RESTWATED GAINee,IF
= | READ UFF THE »lG G HUT USE NEw DENSTY FLELD
= N THFIN TAKE THE CO=EFF AS THEY MOW EXIST

NGTYPE

2eeae THERMMAL HLOOMING FOR ML TI=REAM
loon‘ULL ALO“N KINETIf.b.. OG“L
0 SIMPLF CLUSED FOWM E.A.5S. GDL KINFTICS

OO0 OCOOOOOINDNC CODOOC .
“
b
.

[ ]




NGPLOT = 0 NO PLUTS UF GAIN INSIDE Twe CaviTy
= ] »LUT A SLICE THROULR THE CAVITY
= 2 ISU-aMPLITUDE OF GAIN [S PLOTTFO
= 3 GET nOTA RPLOTS
== GET aALL PUSSI®LE PLOTS

IPDEN =2 0 NO PLUT JUF PUOWEY DENSITY AT EACH SLICE

2 1 SLICE PLYT DF PR UE S
= 2 [SJU= [NTENSITY PLOT FOR CAVITY
= 3 ALL FOR THE MONEY

IUSE ] NO FUSE NU PLOTS NO NUTH]IN

d NU FUSE ANAYLSISe BuTl DENISTY GOULY PLOTS (AERQ)

1 FUrS ANAYLS[S..onN0 PLOTS

FUHS IS USED (KHHYME?) AS 1S 1SO=-PLOTS

I FUHSe [SU=RPLOCTS UF FUHS AND RESULTANT FUSE AND AERO

Mu o nn
aV]

TITLE IS THF TILE TU APPEAR UN THE CAVITY GOULIES & GUULESESS
Tl [S VIRQATIONAL TEMPERTURE UF UV AT NFPy DEG K
T2 IS VvISRATIUNAL TEMPERIURE UOF UVO AT NFP, DEG K
T3 [S VvIRRATIONAL TEMPERTURE OF vUO AT NEPy DEG K
TNZ 1S VIHRATIONAL TEMPERTURE UF NITHOGEN AT NEP, DEG X

TS IS STATIC TFMPEQTURE [N CAVITY Al NER, DFG K
PS IS STATIC PRESSURE IN CAVITY aT HEPe ATM,
i IS FLOw VFLACITY [N CAVITY AT NEPs CM/SEC
MARCH [S PedRRANCH TRANSITIUN
ANZ IS MOLE FRACTION UF WNITROGEW
XCV2 IS MOLE FRACTIUN UF CARBOw UIUX[ODF
tH20 1S MOLF FRACTIOM UF wATER
ACY 1S MOLE FRALTION UF CARRON MONUXINE
xQe IS MOLF FRACTION OF OXYGEN
GVBIIDIDIDOAOT IOV T=E RMAL BLOUMING MUT]=QFAM CAVITY daccoacrvace
ALFA [S THF MENI9M ABSORY CU=EFF 1N Cme]
ACF TS ThE MFDTUM SPECIFIC HEAT [N u/GM=DEG K
TTHM4P 1S TmE MEDTIUM TEMPERATURE [N DEG «
VELTY 1S THE VELOCITY OF MEQTIUM, . IF JLT, 1 THEN THE FREER
CONVFCTION VFLOCOTY IS CALCULATED anD USED
ANGL 1S THE ANGLE OF FLOW RELATIVE TGO NGE.P, NDe IS LIKE CAVITY
(1IF, AwWAY FROM N,E.F.) AND 180, IS THE OTHER UIRECTTON

GPODDOIDIIFROACGIUIUARLOITIIRANALUAINIUICIADVCEIIVPVDIOIOVOIVDIVDOIRIDDVDOVOCIOCRNGIGY

AVGAIN [S THE AVFRAGE UF GAIN CU=EFFTECFNTS,,HOOFE FAST COVVERGF

OO OONANNOCOO0O0 OGO COON OO0 OCNOO0O DO OO0 N

SUBROQUTINE CAVITY 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUMHUUTINE CAVITY LCAVNG [LronewCAV o INET oNSTE o INomESTHT oNMLT, CAVITY 4
A LLIvdLWY) CAviTy 3
C eUL CAvITY munkl CAVITY .
C Trls ROUD[HE APMLLES (rnE erFeCTS UF A LOL CAVITY TQ THE CUMPLEX CAv]TY -3
C FlELL CAV]TY [}
LEVEL 29 CUCACIACAVIPUDIPPUSLURICLUIUS CAV]ITY 14
LEVEL 24PV Cumne Y
CuMMON /7CUS/ ud(17100) CUNRL 3
Cumiuie /CAvA/ PDOALAVICUUM CURN] L2
COMMUN/MHPRUK /HADCUR s ANGA o a3 Y CAvViTY 9
CumMnon 7oFaCins LPACT Q) (W V13 9
CUMMUNZ WAY/WNUW s NREQ e AP TR CAVITY 1]
CUMMUN/CAVEY  AC(D) 97T (D) oLC (D) sNA (D) oNY (D) oNS (D) s XMC (D) 9 TMC (D) 0 CAVITY i1




2 NuTYPS(D)s NOPLUG(S)e  (USPI9)e  LPUEILD), CaviTy 1e i
3 SSCAINCLIUeD) eSAT[NID) +ORIALID) oNMUD(S) CAVITY ¥ .
1 @ VELI(3) e0aMID) o AMACH(D) o TVLID) o TVELD) s TVI(D) s TUN2ISI e TSCAVID) . CAv(TY ie i
9 MSCAV (D) oPH (D) oFNQID) o2 LUC(D) sFMEUIS) sFCUID) oFU2IS) o TITLEI2V) s CAVITY 19 :
8 AVG(D)e NYTYM CAVITY 16
COMMON/MELT/CUILOIB4) oCFLLILODLIZ) sALLICH) snl o NP TSeNPY sORRoURY CAVITY 17
CumMOn /LCurs Cullliuld) Clu0ens 1
DIMENSIUN TRPASSIZIU) s THULZBU) » PUCLTIUG) o PPUCLTL00) CluO0EnS 2 !
A POLIZ) v ACAVILIO) » CuriIC/BY) ClUOEns 3 i
CUMPLEX ¢UeCFILeCUICARAYSCLUM CAVITY 20 {
LULICAL INTTIRESINT CAV]TY el
EQUEVALENCE (CUR(Y) 2CUI(L)) CAVITY 22
EQUIVALENCE (PPOL1)sCUlL)) o (CFILLL)POLL)) CLUVENS .
VATA GFACTR / le 7/ (W I3 10
DATA  XLENeYLENOZLEMeXMCAY ¢ YMLAVY oNQUA ¢ NUUY oNUSEGe CavliTy 2%
k. A FLAGoMRESTs NGIYPE) NGPLUTe [USEs [PUENTLsT29sT30TNZeTSePSeve CAvVIfY P} !
’ A PEBRCHeANZIACUL 9 ANV ACU s AULIALFALACP o vELTY o TTEMP o ANGL s AVGALN CAVITY a7 i
d R /9%0:032%00300,0ed%s=iridolY®el/ CAviilY 28 t
- ¢ . CAVITY 29 !
' NAMEL LST/ CAVTYZ ZALENIYLENCLLENCAMCAY ¢ YMCAV e NUUX s NUUY o NUSE G CAvITY 30 |
X FLAGIMHESTe NGTYPEe NGPLUTe LUSEs 1PVENeT19T20T3eTdsTSePSevs Cav]Tly E}} i
A PURCHeANE s ACO2 0 AM2YIACUvAUL s | LTLEWALPAVACP o VELTY o TTEMM s ANGL ¢ Cavity 32
R AVGAINe GFACTR LROPL %}
C CAV[TY EL)
C ALEN IS LENGIM OF CAVITY IN PLUW UIRECTIUN CAVITY 35
c fLEN 1S LENGIH OF CAVITY ALMUSS NUZLLES Cavlty Jo
c CLEN IS LENGIN OF CAVIIY [N UPTICAL ULRECTION CAVITfY 37
[« AMCAV [9 THe X=0IST UF UPTICAL AXIS FWROUM NUZZLE EAIT PLANE CAVITY 38
C YMCAV [ THE Y=0[ST UF Ur¥iiCAL AALS TJU CaviTYy aAXIS CAvVITY 49
C NOUA 15 NUMBER OF uWlD PUINTS ALUNG ALEW . CAvITY 0
c NUUY (> NUMHER UP urlU PULNTS ALUNG YTLEN CAVIIlY ol
C NUSEG I> NUMPER UF SEGMENIDe MAX[MUM UF 5 PER CAVITY . CavliTy .2
c FLAG IS WAmAMETER wHICH LUnTRULS SELECTIUN OF DENSITY FlELu CAVITY 3
C 2 1l Sw=)loCUNTOUKRED SiuewallL CAVITY Y
C 2 2o 9H=ls FLAI SlUzwail CAVITY 5
c 2 Je ALL VENSITY CAVITY (Y]
[ 2 4e MUU~0s ALS=] CAv(TY e?
o 2 3. LwPUT FRUM CARUS UM UATA SET.eelNeee CAvity .8
C 2 ne SAME SPLINE CUs=ehr [mMAT wknE REAU IN PIVE CAvITY .9
C 8. HUN 112 AT Tsleo del ®IGHT STALE dUTr wALLS 50477Cr1 3
c 38,1 NEAU GAMELIS) DENSE FUR RIGRT >TAGE SUU7ICY] .
d 2. HUN LUY A} T31e8 SEL LEFT STALE HUTH waLLY SUWTICY] S
C 29,1 REAU NAMELIST UENSY FUR LEFT STAGE S0Q?7CYl [
C Zlue REAU VENSETY FLIELYD PRUM UNIT 3V SOUT7CYL 7
c 3lle #EAU UENSITY FIELYU FPHUM Uisll 31 SUW77CY] ]
C MREST IS A PLAG FPUR CUMPUTING A Medidalel GAINeeolF CAviTy 20
8 a2 | REAU UFF Ire 2{0 v BUl USE New UENSTY FlELD CAvVETY EY!
c =y Tren TAKE THe Cu=cFb Ay TreY NUw EXLST CAVITY 9
o CaviTYy 23
[« NOTYRE 3 2,46 THERMAL RLUUM NG FUN MUL | [ =dkaM CAVEIY S
C 3 leesfULL BLUWN ALiE I 1LSee UL CAVITY -1
C 2 0 SIMPLE CLUSEU FURM Leaede GUL KRINETICS CAVITY 36
C CAVITY o7
o NGPLUT 3 0 NU PLUTS OF LalN INS{UE THe CAVITY CAViTY 58
8 5 L PLUT A SLICE TnmUULM Ine CAVIIY CAvV]ITY 59
C 2 2 13U=AMPLITUDE uF LAIN > PLOITRED CAVITY o0
C 2 3 Gkl HOTM PLUIS CAVITY [}
¢ sel  LET ALL PUSSIBLE MLUCS CAVITY 82 |
: c CAVITY 63
- c {MOEN =2 U NO PLUT UF Puwer UENSITY af BACH SLICE CAVITY b
' < 2 [ SLICE PLUT UF Pww QENS CAVITY 65
[ 2 2 190« INIENSITY PLUT FUKR CAVIIY CAvVITY [-1]
[ [ 8 3 aLL POR Ime mUNEY CAV]TY [Y)
! ¢ IUSE 3 =i U FuSE NU PLUTS NU NUTHIN CAVITY o8
' C s U NO FUSE ANAYLSLIDe dUT UBNISTY GOULY PLOTS (ARKY) CAVITY (1]
c 8 1 FUuNS ANAYLDIS...NO PLUITS CAviTY L]
4 ® ¢ FuURS IS USED (RRYMED?) AS > 150=PLOTS CAVITY 7
; c 8 J  FUHSe L5U=PLOTY UF FUMS aNU WHESULTANT FuSe ANU AERU CAvVITY 12
[4 TITLE IS THE TILE TO aPveAN ON TME CAVITY GUULIES & GOULESESS CAviTy 13
[ CAvViTY 1
< Tl IS VIDRATIONAL TEMPEMIURE UF YOV AT NEPs VBG R CAVITY 15
C T IS VIBNATIUNAL TEMPEWTUME OF Uvy AT NEPs VG K CAvifly 76




A et e = -

C Td 1> VIORATIUNAL TEMPEMTURE UF YOU AT NEPs UEG K CAVITY 17
[« TNE IS VIGRATIUNAL TEMMENIUNE UF NITwUGEN AT NEP, VEG K CAV]ITY 18
C TS I SIALIC TEMPENTURE In CAVIIY AT NEMe OLG R CAVITY 19
C, ®»S [y STaTIC PRESSURE IN CAVITY AT NEMy ATH, CAVITY 80
C v IS FLUW VELUCLTY IN CAVITY AT nePs CM/SEC CAVITY [} :
c PHRCH [S PeurAnNCH THANSITIUN Cavity 82
c ANZ  [S OLE FRACTION OF NiIMUGEN Caviry 83 .
4 ACUZ [S MOLE FeACTIOUN UF CansUN UIQALUE CAVITY [ 13
C AMEO IS MULE FwACTION OF waftw CAvVITY as .
c ACO 1S5 MOLE FRACTIUN OF CAMBUN MUNUALUE Caviry 8o 1§
c AUC 1S MOLE FRACTION UF UaYueN CAvVITY 87 i
C 0080000000000 0000 TrEMMAL SLUUMING Myl legEAM CAVITY eeeoovcccsed (AylTY 48 .
- [ ALFA I35 Tk MEDIUM AYSOmE CU=efFF [N (M=l CAVLITY 49
, C ACP S The MEQLIUM SPRCIFIC MEAT [N J/GM=ULG K CAVITY 90
c TTEMP [S TmE MEDIUM TEMPERAIURL [N DEv K CAVLTY 91
C VELIY [S TmE VELOCITY UF mMeLIUMesolF oLTe Lo THEN Tre FREE CAVITY 92
C CONVECTIOM VELOCUTY IS LALLULATEY AND USED CAvlTY 93
. [ ANGL [S THE ANGLE OF FLUW RELATIYE U NeEePe 0o I9 LIKE CAVYTY CAVITY %6
) c (lke AWAY FrUM weEoPe) alU 18V (5 Tre UTMER DIRECTION CAVIIY L L)
‘ C e900uceseencrsccetcernces L 222 0000000000800 0000000 e Cavlty ve
< CAVITY 97
C AVOAIN 1S Tre AveHAGE UF UALN CU=LFFIECENTS. . MOUPE FAST CUNVENGE CAVITY 9%
[ CAVITY 99
) C CaviTy 100
C CAv]TY 101
C e®e TEST 1y SEE LF =tk IN Tl CaviiY serune CAVITY 102
IFLeNUTeINIT URNERCAVLEWVeU) WO TU DU CaviTY 103
Pl 3 3.10159¢ Cavirvy 10e
NSYM = U Cavify  i0s 4
IF (@Y g v TS) NOTMa) Caviry 1ve
NNOYMBNSTM CUNRIL 6 1
NUnS R ToenPy CAvVIITY 107
Mue 3T 3 ) Caviry lus
®EAD ([NeCAVITE) CAVITY 19 .
ABAD ([welged) TLTLE CAvITY 1lu 3

1283 FUwMal (204w)
wrlfE(oeduo)

Cavliry 111
CAvITY 112 |
CAVITY 143 i

‘uo FQ"*‘I(JUHO 0PGBIV CPVRCTIVDIVVPPVVNCVOOVDOO0OVOGS, )/
A 39m CavliiY PROPERTLES 0/ CAVITY lle
R 39“0 V0PV 00CVRE00CRC 0000000900090 0080 ) C‘Vl[' lls
WRITE(60200) TITLE»ALENGYLENSZLENSNOUA ¢ NUDY o+ NUSES CAVITY 1le

LU0 FUNMAT(2IHUCAVITY GEOMETHY FUN ¢2UA®/LiAe IMXLEN S 4GLl2.500ko THYLEN CAVITY 117
AS 2GLl2e 00X o THZLEN 3 +Gl2¢D04A+6NMNOUR 391600 As THNUDY 3 slSeake CAVITY 118
AUHNUSEG B o ]2) CAVITY 119
whITE (60101) XMCAVeTMCaAV CAV]ITY 1¢v

101 FORMAT (29MOLUCATIUN UF OPTICAL AXR{S9/1As8MAMCAV 3 4Gl2.598K
A dYMCAV 3 4Gl2.9)
IF (NGTYMPE EWe2) GO TO lue
WHITE(60502) [SePDeVePBRCH
102 FONMAT (LUMOCAVIIY CONUITIUNS O/ 1Xs5nIS 3 +GL2:904Xe5rPS = 1Gl2eD
AaRe L 1MVELOCLIY = sul2eDsexednP=8rantH +F3e0)
wlTe(6s103) ANEIACUZ2r AMEUIACU AL
LU3 FUMMAT (1ZROCOMPOSITIONG/ZLAONMANZ 8 20L2eDeaXy THACUZ 8 +GideSesXe
ATHAMEO 3 s0L2¢SeAAs0MACO B s0L2eH0¢0A00MAULZ 3 +Gl2eS)

CAVITY 1e1
CAVITY 12
cavity 123
CAVITY 126
CAVITY 1¢5
CavITY 126
CAVITY 127
caviTy 128
CAvITY 129

[ LUAD CAVITY PARAMETERS INTU APPRUMFRIATE STUORAGE ARRAYS CAVITY 130
TVi(nNCAVNIET] cavlry 131
TV2(NCAVIv) 8T CAVITY 13¢

TVIinCAVIV)&T]
TYNR (NCAVN) 3(N¢

CAvVLTY 133
CAVITY 136

! TSCAV INCAVN) =TS CAvVITY 13%

| . wHITE (80106) TNZTLeT2,T3 CaviTy 130
o 1Ue FURMAT (25HOVIBRATIUNAL TEMPERATURESS/ LAeOMTNG 8 1Gl2eSeeAeSHIL s » CAVITY 137
AOL2eDsoReS5MTE 3 1012690 0R95MT3 3 43i2eY) CAV]ITY 138

W Ty 107 CAVITY 149

| 106 MREST = ¢

. TV1(NCAVN) =ALFA
TVvEI(nCAVN) SACP
TVI(NCAVN) avELTY

CAVITY 160
CAVITY 16}
CAVITY 162
CAVITY 183 ]

TVN2 (NCAVN) 3T TEMP CAVITY 16
TSCAV INCAVNV) sANGL CAvITY ITY)
WHITE(6¢193) ALFASACPIVELIYoTIEMPANUL CAv]tY lee




L b

O

[2XaNaNel

193

RoFdeds Y feMP 3 sFBebe LUM  ANOLE = oFUes 7/

1e7

IF ESTARVING PROM A PREVIUUS WUN,

FURMAT (/7/67n TReNMAL SLUUMING ANATYLSIS OF MULT[edBAM SYSTEMeesC CAVITY
RONSTANTS AWE o/ 7M ALFA 3eGicdedeON (P seFdetelln FLOw velLOCITY 3 CAVITY

YCINCAVYN) 8 TLEN
ACINCAYN) 3 ALEN
ZCINCAVN) 3 JLEN
AVUINCAVN) 3AVUGA LN

AMG (NCAVIN) 3AMCAY

YMC (NCAVN) 3YMCAY
NA(NCAVN) = NOULA

NY (NCAVN) s NOUY

NS (NCAVN) 3 NOSEOG

GFACT INCAVN) 3GF ACTH

€L 3 ZCINCAVN) /NS INLAVYN)
UCA 3 XCUINCAVNN) /NA (WCAVN)

UCY 3 YCINCAVN) /NY INCAVN)
NOASND (NCAVN)

NYASNY (NCAVN) /7 (NSYMe]l)
NAABNX (HCAVN)

MUTSNAAONYA

HOTYPY (NCAVN) anpT YPE
N@PLU9(NCAVN)’NGPLU!

1US9 (NCAVN) B LUSE

IPDEY (NCAVN) SIPLEN

POCAV (NCAVN) 3PS

VEL (NCAVN) av

PH (NCAVN) sPENRCH

CARAY = CMPLA(Uer2e®PLl/wWl)
TURIw, 3 2, ® PL / Wi
FNEINCAVN) mAN2
FCU2iNCAVIN) 3AC0O¢

Frg) (NCAVN) BAMZY
FCu(NCAVN) 3xCO

FU2INCAVN) sAL2

184SE = 10e(NCAVN=)) @}

IF (NGTYPE.EWe2) GO TO lub
CALCULATE SMALL SIGNAL GAln A3 A FUNCTIUN UF X

CALL OGAINXY (POsUSsNCAVN.L)

WRITE (7) (CULIZ)eldm)loNum)

REwIND 7
RAYSKMUS (NCAVN)

CALCULATE CAVITY OENSITY FIELD AS 4 FUNCTION OF X AND Y
CALL OENSY (FLAGsRMHU s ALENS TLENIUCZINAAINYAS L ¢ [INGSNNSYM)

STURE DENSITY FIELD UN OINeCT ACCESS FlLtk
WRITE (13ASE) (PPO(LL) e 1Z31eMmul)

“Ew[NU IBASE

GUESS AT GAIN

vl

a0

IF ( RESTIHRT +ANUe HMREST ke 1) GO TU 49

DO 10 NNSE | eNSA
ACLO=s=0CA/2,

IBASE = [HBASE*)

IF (MEST NE.l) GU TO QU

READ (IBASE) (CGILZ)siZe)omul)

REwINU JHASE

GENERATE CUMPLEX GAIN aANRAYS

AMULL = 0CZ/6.

00 11 IAsleNXA

ACLO= DCRerCLO

GUP & SSUAINLIXeNCAVYN)
AMULTH 8 EAP (AMULL®GOR)
0U 11 lrvslenyaA

[2 8 [xet]lvei)onaa

M s TUPLw, ® PPUI(LZ)
LF (meST Jeuey)

ACGLIZ) & XMULTHOECMPLAICOS (FHIM) 3 SINIPHIM) )
A CUl J2 ) 8 EAPLGUPOUCL/06) ®CLAP (CARKAY SR (

IF (MeEST JEuel)

2 COILIL) 8 CADS(COLIZ))IOCMPLAILCUSIFMIM) +SINIPHIM))

A LUt 12 ) s cawSiCut [Z

YIOCRAM (CARAY®PRD (

1z

194

HEN SKIP THE INITIAL

)

CAVITY
CAvVITY
CAV]ITY
CAv(TY
CAVITY
Cavlry
CAV]ITY
CAVITY
CAvViTY
CAV]ITY
WROP L

CAVITY
CAVITY

CAVITY
CAVITY
CAVETY
CAv]lY
CAViTY
caviry
CAVITY
CAVITY
CAVITY
CAVITY
CAV]ITY
CAvV]TY
CAvV]ITY
20477CY1
Cav]Ty
CAVITY
CAVITY
CAv]IY
CAV]TY
CAviTY
Cavity
CAviTY
CAV]ITY
CAVIITY
CaviTty
CAVITY
CAVITY
CORR]
CAvV]ITY
CAVETY
Cavifty
CAVITY
CAvlTY
CaviTy
CavITY
CAVITY
CAVITY
Cavity
CAvITY
CAVITY
CaviTyY
CAVLTY
CaviTY
CAVITY
CAVITY
CAvity
CavITY
CAv]TY
CAvITY
CAVITY
SuurIcYl
CAVITY
WQTICYL
CAvITY
Cavity
S0@77CYl
CAVITY

187
148
Le9
159
Lol
192
193
I} 13




IF (MREST «cWel) CAVLTY éle

A Cul 1L ) = CMPLA(LseUs? Cavify ri%s
11 CONTINUVE CAVITY el
wRiTE(LIBASE) (CUlLL)vidmiemul) CAVITY ¢19
JU0 REwIND l[oASE CAVITY 220
49 READ (7) (CULL)vlls]eNOB) CaviTy 221 .
REwinD 7 CAVITY 222
c ARPPLICATLION ub CAVIIY TRANDMISSIUN FUNCTIUNS TU COMPLEX F kLU CAVITY 243
20 V9asn3 (NCAVN) CAVIIY 46
NYASNY (CAYN) / (NS TMe ) Cavifly 229
NAASNA (NCAVN) CAVITY 226
MUT = NXA®NYA CAVIfY azr
C ®®e FINST TIME THROUGH THMES CAviIYe ZERU AVERAGE INTENSITY AWRAY CAvITY 228
) IF (NEwWCAVEWLD) BU TU 5i CAVITY 229
E: [ CALL EWUIPUC( | ) oPUC( MuT )) CAvITY 240
i 00 od9 1LERUS] MUt CAviTY 231
4 o85S PY(IIERYISY,. CAVITY 232
F [BaSEsLl)» INCAVHm] ) @] | +y CAvITy 233
: NCULL 2 0 Caviry 236
00 93 1231sn5A CAVITY 239
. IsASsiBAdE-]¢ CAaviTly 236
B wn{Te ([BAS) (PULLZ)ellmiemul) Cavity 2317
= 53 NEw(NY [dAS CAVETY 238
51 IHASE = 10« (nCAVN=))®]} CAvlly 239
, IF INCAVN .EUe NCOULD) GO Ty ¢o CAVITY 269
DX 3 AC(NCAVN)/NXA CAVITY 28]
DY a3 YC{NCAVN)/NY {NCAVN) CAVITY 262
C ESTABLISH CAVITY INTENPULATIUN AKMKAY (TPASS) CAVITY 243
TPASSI(1) s ux CAVITY LYY
TPasS(2) s Oy CAvITY 265
TPASS(3) = NYAe UYL CAviTy 266
TWASS (&) = NAAe VU] Cavity 267
o TPASSIS) 3 (DY=YC(NCAVN))/Ze ¢ YMC(NCAVN) CAVITY PLY)
i TRASS(SenYa) = UK/2s = AMCINCAVN) CAVITY 269
00 5 1 = 2eNTA CAVITY 250 -
S TPasSSieel) s TPASS(Je]) e+ uv CAVILTY 2951
00 6 ¥ 3 2yNXA CAVITY 252
6 TPASS(senYAasn) sTPASSIIenYvACN) e X CAVITY 2593
NCULD = NCAVN CAVITY 2956
€6 NSTanNSTE Cavity 255
fuursi} CAVITY 2%6
DCZ s ZCINCAVNI/NSA CAVITY é97
[o PROPAGATE 1Y FIRST GAIN/PraSe SEGMENI CAVITY '+ 1)
IF (NSTEEWeIeUNNSTEEWD) {UUTaY Caviry 2959
IF (NSTE.EWed) NST=Z CAVITY 200
[ IE (NSTE+GEs4eANV(UCL/20%LL 1) o6lolel) CALL CORE(DCZ/240¢lL1vue0) cCavITY 2ol
IF INSTE«UE s s ANV (JCL/20%4L ) 20T sl o) CALL STEPIDCZ/2.0%{L]» CAVITY 262
A RADCUR el o el sNST U9V ANGA 9 ANGY 000 )) CAV]TY 203
[F (INSTEWLE e JeANU L 1UCL/24*LL 1) «GT ol eV CAVITY 264
LCaLL STEPILUCL/2e002L 1 oHAUCURI oL 1l oNST s VIV eANGAIANGY sV 0) CAVITY 205
MEMURY SO CAVLITY {1 ]
IF (N9TF olBedeANUS (UCL/24%LL 1) oLE sl oV)MEMURY ) Cavity 26?7
1 U0 S5 JNSE)INSA Cavlity <68
: (g a0 CAvLTY P{1]
IFLILRWLT2U) IUBNSINCAVN) o} CaviTY ero
1AV 8 UngeiLneln CAVLTY 2Tl
AFACTE], Cavity ere
IF (et GeNE WU} XFACT=E] . /uiune e CAVITY ey :
1UPY = [ADVeS*[HASE ) CAVITY els
c E97aBLISH P lely INTERPULALLUN ANNAY CAVITY 2y
fPOLL) 8 Alg)=R(1) CAV[TY ¢l
T™WO(g) = TwULll) CAVITY el
tPptd)a NPY CAvilY el
TPy(e) 8 NPTY CAvV]TY 29
00 Se [Pym]nNPY CavlTy <80
96 FPU(IPJes) = X([PJ) *UKRY CAV[TY '{)
DU A2 [PJIS)NPTS CAV]ITY e
! 82 TPR(IPJenPYes ) B ALLPJI) eUNA CAvV]TY 283
C 000 CUmPUIE (NTENSITY [wClutwT UPUN SEGMENT CAVITY 286 .
VU 61 Mas]lyd CAVITY 28%




[aXa)

Ol USE MX } 3 (CUN(ZoMX=|)oeg o CUN(Z2OMA)®e¢) © XFaCT CAVITY
wlTE (7)) (US(IL) eldm)eniiD) CAVITY
RewINy 7 CAavITY
10CG 8 [AQDe18ade CAVITY
REAV L L0CL) 1CGILL) s LdmLamul) Caviry
Rewlng [uCy CAVITY
[F (NPLT.EUQev) WO TUu 08 CAvVETY
PLUT FIELD INCIDENT UN GALN/PHASE SEOMENT CAVITY
wR1TE (8069) NCAVNG [ADD CAVITY

69 FURMAT {J9n]) oeeee €=M FIoLL N CAVITY NUMBER s12sl9M AT S CavirTy

REUMENT » o12r0)ln BEFURE VAIN HAS BEEN APPLLED seeee ,/) CAVITY
LY 2} CAVITY
UMAXEU. 0 CAvitYy
CALL QUTPUT(CUINPY sNPTSeAsnoUMAX s o TRUE s 9 o FALSE o9 o FALSE o) CAVITY
PLUT GALN PrUFILE TRROUGH CENIER OF CAVETY CAVITY
WwRITE (6067) NCAVNe 1AVL CaviTyY

o7 FUNMAT(90n] COlled) PLUTTEU IN IMk X=UIRECTION THRUUGH fmt CENTER CaviTy

R QF THE CAVITY, FUR CAVLIIY ®» 41idel5n SEGMENT » +[2) CAvV]ITY
DELACSAC (NCAVN) /NX (NCAVN) CAVITY
XCAV(1)BUELAC/2,. CAvVITY
JU 687 KCxs2oNAA CAV]TY

067 XCAVIRCX)SRCAVIKCA=)) *UELAL CAVIIlY
Kse] CAVITY
UMAXEY ¢ ) CAVITY
CALL QUIPUT(COONY {NCAVN) oA INCAVNY 9 RCAV oK oUMAX 0 o TRUE o 0 o FALSE 0 0 CaviTYy

13 FALSE ) CAVITY

o8 [Zls0 Cavlily
APPLY CAVITY TRANSMISSION U CUMMPLEA P ELD CAV]ITY
0V 94 JYalenkY CAvVITY
DU S8 JA3LNPTS CAVITY
CALL INTERP(TPASSoA(JR) CUKASALJIY) SURY sCGe 29 CUUMINNS Y™} CONRI
12 = 121 CAVITY

98 Cul 14 ) s COumeCul (Z ) CAVITY
READ (7) (USTEZ)elgmlenOn) CAVITY
wewIng 7 CAVITY
CALCULATE SUM UF [INTENSITIeY oefFURE anD AFTER GAIN/PHMASE SEGMENT CavlTy
DU 66 JYs],NUB CAVITY

06 US(JY) s(CURIZOUY=]1)e®2 o (UR(ZOY)®e)® XFACTeUS{JY) Cavity
READ (IOPD) (PLLIL) s ldmlomuTl) CAVITY
wEwlnu TUPD Cavlily
IF (NPLT.EUeu) GO 10 T3 CAvVITY
PLUT PIELD LEAVING UVAIN/PrHASE SELMENT CAVITY
wHITE (6+39) NCAVN[AUD CaviTy

39 FUnMAT (//7/736m) *e08® fom i) [N CAVITY NUMPER 19 l9H AT S CAvITY
ALUMEN] ¥ o 2e0un AFTER OUAIN MAS UEEN APPL EV eseee /) CAVITY
k=) CAVITY
UMaLBY ) CAV]iTY
CALL YUTPUT(CUsnFY o TSe oA sUMAL s o TRUL o 9 o FALSE a0 o FALSE o) CAVITY

713 TPUMINRIPO(Y) CAv{TY
INTERPOLATE POweR UENSITIES UNTO CAVITY GRIDe SUM wifM HedULTS SAVLTY
UF PREVIUUS PASSES AND STume CaviTy
VO S§7 InYs)onvA CAvVITY
TTESYSTPASS (6 INY) Cavity
I1F (TTESY.LITPOMING GO Tu 97 Caviry
DO 56 INAS)eNRA CaviTy
TTESASTPASS (4orivAL int) CAVITY
CALL INTERP (PO TTESLeTTESNY sUD ) 1POUINNSTN) conni
I1Z » [NK®(INY=])ONRA CAVITlY

26 PO 12 ) s PUC 12 )P00(1) 7. CAVITY

97 CUNTINUE CAVITY
WHRITE(IOMPO) (POCLIL) o 1dSLeruT) CaviTy
KeoInD [UPO CAvVITY
PRUPAGATE TO NEXT GAIN/PmMASE SEGMENT Cavity
IF (UNS oNE oNSAcANO e MEMURY (Ewe V) CALL CONE (UCLZ0040) CAVITY
IF (UNS o NE e SAcAND o MEMORY (LW VICALL STEP(UCZ vHADCUR s el 90l sNST o0y CAvITY
R QeANGR 9 ANGY 000¢)) Cavity
IF (UNS NE o NSAAND « MEMORY oEvie)) CAVITY
1CALL STEMIDULIRAUCUR L ool eNSTe VeQoANGA9ANGY 20¢0) CAVITY
MEMORY SO ° CAvItY
PRUPAGATE QUT OF CAvITY CAVITY
IF(UNS cEWNSAAND ¢ (DCL/2024LU) BT 0l eV)CALL CURELDCL/€e00LLUI0UT 0 CAVITY

69
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{1}
288
<89
Ll
29]
492
293
296
299
296
297
298
299
00
Jul
302
303
30s
448
Joe
Jor
Jos
309
J10
311
32
313
dle
315
L]
37
ETY:)
319
3¢0
31
32
Je3
3és
325
32e¢
27
348
329
ERI
EXD
332
333
336
335
EX )
337
33
339
360
de)

3e3
Joo
£l L)
Joo
Jo
e
Jo9
%0
e 1)
I
3%

358
3%
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c x) : Cavity as?
IF LINSeEUNSAAND ¢ (DCL/20°2LY) oGT el o) CALL STEPI(DCL/ 200000y CAvV1TY I

R RAOCUReeleel oNST o JOUT o090 ANGAANGY 20U L) CavliTly 359

S5 CONTInUE Cavity 300
RETURN Cavity 3e

En) CAVITY 362

8.  SUBROUTINE CENBAR

a. Purpose -- This subroutine is used by QUAL to find the centroid

coordinates of the far-field beam.

organization.

CENBAR

INITIALIZATION

!

PERFORM DOUBLE SUMS:
N N

AXBAR =2 X X(NUS(LIW(I,J)aX
a1 J=1

N N
AYBAR =2 2 X(NUS(, W, 1)aX
(=1 J=1
N N

ABAR =), X US(1,JIW(1,J1aX
=1 J)=1

|

BEAM CENTROID COORDINATES
XCINT = AXBAR/ABAR
YCINT = AYBAR/ABAR

Figure 20,

7

‘ RETURN ’

Subroutine CENBAR organization:

Figure 20 describes subroutine CENBAR

CENBAR. 6 ~—e=
CENBAR. 11

CENBAR. 12—
CENBAR. 22

CENBAR. 23 —e=
CENBAR. 24




b. Formalism -- Let E(x,y) represent the field and let w(x,y) be a
weighting function defined by

on X, “50. B 2
1, if [E(x,y)|">0.1 ClEl- )

wix,y) = 2 - &7))
i <£0. ( =)
] 0, if [E(x,y)|2<0.1 (El )
b Then the intensity-weighted centroid coordinates are found from
2
2> | Jaxdy [EGn |7 wixy) ® 38)
1 ¢ Jlaxdy e [* wixy
where the integrals are numerically evaluated over the calculation region.
c. Fortran
Argument List
NPTS = Number of points in x direction
DX = spacing between two adjacent points )
X = coordinate array
2 2
US = intensity array = |CU(I)|~ = 'E(x,v)!
XCINT = Centroid coordinate in the X direction <
YCINT = Centroid coordinate in the Y direction
UMAX = Maximum Intersity
The incoming parameters are NPTS,DX,X,US,UMAX. They are unchanged by this
routine and are used to calculate XCINT and YCINT.
Note: The subroutine assumes that the field is square. Computer printout
of subroutine CENBAR follows. '
|
' SUBROUTINE CENBAR  76/175 OPT=1 FIN 4.6+452 04/27/79 12.23.47
! SUSRUUT INE CEvpar ( NPTSe LAe Ko USe ACINTs YCINTs UMAX) CENBANK rd
’ C Centruly LuCaTlun muuky CENYANK 3
) ¢ Tmis WOUTINE LUCATES IME LnitnalTY sefumled CENIMOID UF IME CENBAR .
¢ CUMPLEX FIElU CENBAR )
i LEVEL 2y NPISeXeUS CENBAN ®
DIMENSTUN A1) USIL) CENBAR 1
AXBANSO . CENHAN 8
UCUF 8 o1 ® UMAA CENBAH 9
ATHSARSO,. CENUAR 10




AgARSY . CENUAR il

UV 10 IsiinNkTS ChNUANR 12
AUYBU, CENBANM 13
ADASBY. CENBAR 1e
DU 11 J=LenM1S CENBAR 1%
I 3 | s(y=l)onpTls CENBAR 16
JI 8 Jellel)enpTs CENBAR 17
IF (USUIVY ) «GTe UCUT ) AUXR 8 AUR ¢ US(LIVY ) CENnDAR 18
11 IF (UStJL ) «GTe UCUT )  aypY = AUY ¢ US(VE ) CENBAN 19
AADANSAXBARCADX®QA®X () CENBAR P-{]
AYHARSAYHAR®AOY®OX®X (]) CENBAKW 38
10 AYARSABANSAURSUX CENBANK a2
RCINTzAADAR/ ADAR CENBAR el
YCINTESAYHAR/ ABAN CENBAR 26
RE 1 URN CENBAR 25
ENY CENGAR '{]

9. SUBROUTINE DENSY
Called from: CAVITY.

Calls: LINTERP, ROSN, ROSN6

a. Purpose -- This routine controls the generation of the cavity den-
sity-induced phase distortion for each cavity in the optical train. DENSY
provides a choice of density fields including interpreted test data from
several devices and the ability to read in density fields from tape. Little
formal calculation is done within the routine itself, other than the genera-
tion of multipliers and certain other constants used by the interpolation
routines. DENSY does tabulate spline coefficients if any are used to gener-
ate the phase distorting field, and provides a decile plot of the phase field.

Figure 21 shows the subroutine DENSY flow chart.

Argument List

FLAG flag for density field selection

IF file number where MOD 6 density field is stored

IN file number where input card data is stored

NPX number of cavity density grid points in X direction
NPY number of cavity density grid points in Y direction

NSYM flag for symmetry of field

RHO free stream static density
XLEN X-dimension (flow direction) of cavity segment
YLEN Y-dimension (sidewall-to-sidewall) of cavity segment

ZSLAB  Z-dimension (optical direction) of cavity segment




CALLED
FROM CAVITY

‘ VARIOUS TEST DATA
| DATA STATEMENTS !
: !
4 !
i
i USE CALL DENSY, |
XLS-1 DATA ROSNG 205-226 ;
USE
PRE-CALCULATED $0Q77CY 1.
FIELD 106-135
I
Vse ;ff CALL $OQ77CY1. .j,
(NO SPLINES) LINTERP 51-100, 101
DENSY.
110.147
148-159
USE
SPLINE y
DATA
CALL SOQ77CY1.
ROSN 104
]
DECILE DENSY.
PLOT PLOT - 184 - 203

}
' RETURN

Figure 21. Subroutine DENSY flow chart.
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Commons Modified

/MELT/

Variables Modified

P storage array for density induced phase distribution
X4 \

Y4

24 spline coefficient and other data useful in generation
C4 ) of MOD 6 (XLS-1) density field - not used for other field
M4 options

N4

ROCL /

/LENSY/

Variables Modified

D spline coefficient array

H cavity width (sidewall-to-sidewall)

LL flag for cavity wall symmetry

M number of data points in spline arrays

RHOCL centerline density variation

TITLE field identified

™ tangent of Mach angle

XLS spline array center deviation from NEP

XMULT magnifier for entire density field

Y position array

z density change array

b. Relevant formalism -- Most of the formal calculations involving

spline fitting a density field and interpolating the results are done external

to DENSY (see subroutines LINTERP, ROSN, and ROSN6). This routine directs

the activities

rized below:

(1)

that generate the desired field. These activities are summa-

The density field is read in directly from information

generated by another program and written to disk (FLAG
= 10 or 11)




et

(2) The sidewall density Variations, but not the coefficients

for a spline fit, are read in by NAMELIST or from data state-
ments. The complete density field is generated by projecting

these data into the flow along Mach lines, and linearly inter-

polating via LINTERP. (FLAG = 8, 8.1, 9, 9.1)

(3) The sidewall density variations and their spline fit coeffi-
cients are read in on cards or taken from DATA statements.
The complete density field is generated by interpolating with
the spline fit along the projection. (FLAG = 1 through 7)

A decile plot of the density-induced optical path variation (in cm) is

generated after returning from one of these actions.

Subroutine DENSY computer printouts follow.

-
COE NG U & LA

11
12
13
le
1%
16
13
le
15
ls
134
18
17
18
19
20

22
a3
2e

29
i}
el
19
<0
<l
ée
90
29

SUBROUTINE DENSY T6/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBSHUUT I SE UBNSY (FLAGIRMUPALEN s YLEN¢LILABONPAsNFY o [P o [INoNSTM) uenNSY
C IMIS PROGRAM CUMPUTES PrASE vamlAl [ON [N BACH SEGMEN! Oue Ty VENSY
C VARIATIUNS [ THE 0AS UENSITY N Ink OPTLICAL CAVITY, INPUT PANAMETERS UENSY
C AmE: UENSY
¢ RHY = FREE STREAM STATIC vENSITY UENSY
C ALENeYLEN(SLAY aAKE UIMENSLUNS OF SEumenT UENSY
[+ NPASNPY ARE NUMMER UF GRLIU PULNTS IN ReY UIMENSIONS uRNSY
[« IF [ THE FILE UN wHICH Tre MUU & DENSITY P LELD IS STUREL UENSY
c FLAG = FLAG FPOR DeNSITY Flely SELECTIUN VENSY
[+ 2 1, FUR CUNTUUKRED SiutwallsTsl Skl uENSY
c 38 ¢ PUR PLAT SlUtwALLe =3 SEC UENSY
[ 2 3. LATEST any GREATEST Twl STAGE UENSITY FikLD VENSY
[ 8 &s FUR ALS=]l MOU 6 WOLLLES NURTH  AND SUuUTH SIUE UENSY
C 2 3¢ FUr [NPUT FHUM CARUS OF SPLINE CU=EFFS. UENSY
c 2 0s FOR INPUTl FHOM Weay IN LN PREVIUUS CAVITY DEFINITION VENSY
C sde RUN 112 AT Tal.6 SEL RIGHT STAGE wWOTH waLLS SUWTICY)
[ s8.] HEAU NAMELIST UENSY FuM RlOM) STALE S0UTICYL
4 s9e WUN 109 AT Tal.8 Sel LEFT STAGE HUTH waLLS S0QTTCY]
[ 29,1 READ NAMELIST ODENSY FUR LEFT STAGE SUUTICY]
[+ 210 READ UENSITY FIELY PHUM UNIT 30 SU4TICY)
[ Blle NEAU UBNSITY FLELU PHUM UNIT 3} S0UT7CYL
[ OENSY
C DENSY
[MPLICIT COMPLEX (C) ORNSY
LEVEL 29 P URNSY
REAL Cé UENSY
EWVIVALENCE (RAon) UeNSY
COMMON /MELT/ P(16384) VENSY
R AG(2l)ovei(gloBl) olaieloBl) sCoi2L1r81) sMa(2]) sNGRUCL UENSY
AsDUMYS (4439e) ’ CURR2
OIMENSION TLTLEL(Q0) ol TLELZ(CV) . UENSY
A V1(90) 021 (90) oL (9U) oY2(8D) 9L2(0659) L2 69) UENSY
X Y3(94d)eLI(50) 903DV o TLITLEILZ2D) URNSY
X o FITLEB(20) s YBISU) ¢£B(90) sVH (DY) SOutICY]
3 o THW(H0) + LBWISV) sUHW (90) SUGTTICY])
A $Y9(IY) s L9(90) DI (DY) SUMTICY]
] sYINI(D0) ¢ 294 (SU) s (DY) o TI{TLEI(ZY) SUYTICY )
DIMENSLION TILE(L2) o IPLLI9Y) CUORR]
COMMON/LENST/Y(9102) oL (DL ed) sU(D]92)sTMIZ) s XLS () oMo AMULT(2) UENSY
75




R RHOCL (2) oM (2) o TITLE(ZV) oLl
NAMELIST ZUENSH/ TMBeMUBsAMBIMUNI Y8 e /8o YHW e 28w
NAMEL [ST JUENSY/ TMYeMOeAMY9MYW YO e Y YIW9 2OW

VATA GDC 7v.228/

DATA TMA/7 42103679y MI/50/7e AMI/Z 0L/

UATA Y1/°96004923¢0226397¢C 0122411222099 "241°1¢99021:9002],89,
A%l 0802l 02103901 e92e90=e80=079=009024002eS59m85¢meteo¢3T9=e300¢
Boed 0029 992, [ 02eU0D0U0e?eUD9012019062002990039¢399¢49:99000005¢
c.70.'3'.55".!&.'3.!‘0'5./

DATA 21/5%.000¢,00390¢0030¢00290e0019e0009¢7%000e0U01900029¢007¢,014
A0e0LlT7940LS50e0009=0U009=eULl®s=0U]0¢=eUls=00049:001+2%°¢0029¢0064,012
HoeUl89e021590022900229¢0219¢0470001d0eullDeel0iloelliDe0®ul/

DATA U1/ 2%.208602VUE=J9o=elU03U]0E=21:0476808TL=2¢=,6898769C~]
A=o2dB881728E=] e=e2891cV9 1201609915kl ee3079}176 2o 1769713 .
BeJdH99673 1=, 089U0LVE=Lr 8/)649JE"29=2+0602123k20 IUDEIU0E=~2y
C2e059L100E=]14s 25406337 r1=eddgBli6 s +28006LeErlo=e]1273063E ]
VU «0l59237 12.2309495E ¢ 9203181l ULES L9 =elS5T78LI6E* )y +233V008E ]
E ¢1B89556LEelr J0007]103ELemeld0acTBloLls 32991069 12,2679392¢+ 1

FoodB365]2E=)s 1887730 o oWUTIEOLIL L 9=el2UB)LT78E*])r=eD0813T77 ’
Ges 7336 70E*Lly 2B0BCYUT 1" D896 1L r=ed23710 » +6191931lE=]
" o T809376E=]s 6279949 rwe JUOOYYI s 1187985 ¢ «JTUOI0QSE=]»
[2e2730860E=ds (73213306 =3e=: 172600659 =3s 4389333 E=0s 389333 L=0/
DATA Y2/"9¢92400™3e50=30022e7992¢0992¢el9922¢0=1e7D1=1e99=1.85¢
A™L o102 e 220990 Y 9= H9e 2812092409 4020 d12e28907sC1"0199=e]9=,090
BlotelU90alsealDrelt1e@90edre®reD0eb0elre89eP9loarlelr]leDe2e08e509e/
DATA 22780240259 =4Uc212ell 992001302008 ¢3%=,0009=oU03De=e0029=4001
A504%0¢¢e0030e0U00¢=4002¢=e019+02324U2cls=¢0139=300L0os01lseULToseulY
He01590e0U070e0U2900¢=e0089=000®9=2,00003%8=,0089=4000s=40030¢U0060.0160
Ce0260,0/706/ )
DATA U2/2%.192u7076=29=¢1536566E=11:5994,93E~11-+sI8D2028E~],
A 09453Y19E=1+2,916365]1E=lr «1000686L=1+=4108390Y ? «33D9691E~ly
B=e2584672E=1y 2152010 1=e3372499 » 29930979 1=sl239l6elbely
C 3874687 1=s 1567332 * 22999660 s 3090702 02,15386406€°1)
D=e 7959822 120 1992212E%1s «J92LIVICEPLr oDM964BLESLY a9V 6gY .
E=edd70528 120180193 1Ev o= JUYHLLLIE? L 1=e2557 182k 21 9=e2270048E ]
F «2001374€%Ls ,123U569E+ls 21064280 12004558821y +4]80724E=},
G=e1026701 s +3688736 s LT2B230 * 03226205 s «8316146E~]r
Moo 9498034E=1y «4180900€E=20=41U00723E=2s «6239550E=4¢ +6239550L =0/
VATA TITLEL/ enFLAToM SiusenEwabson, OLrsoRNSITantY FIoONMELD »
14MBASE 1 4N0D UNsaH SResarl vasenTa s8%n /
DATA TlTLE2/s on CoorUNTUsORMUREU 90N STV 4MEWALsONML UEsMNS LT,
16nY FloanELD +4HHASE 1oH0 UNsaM SH=sorl DAsaNTA 66N / )
DATA TITLEI/ oM LATIGMEST +orTw0 sort STAISHGE O+4MENSIeonTY £,
LoR[ELD oo LAMeORINARION = Coal PERISMCENT v 7%6H / '
DATA Y3/ 2345466660 =2,4355551 ~1e340466s =0.6355559 =0.320406,
=0ed57777s =042395550 «0.2200440 =0,2200009 =042155599,
*0e2133330 20200006069 =0.202222¢ =0.19111ls =0,180000,
*0elT75558¢ =04l711l1lle =0e106408s =0,1ST7T777s =0,146006,
“0e120640y «0,1133339 =0e102222y =04U91111s =0,080000,
*0.068888¢ =0,05/7779 =0e035555¢ =0,0133339 =0.002222¢
0.008888¢ Q4015955¢ Q019999+  0.0244449 0,031111
000022220 040533339 04066444y  0.075555¢ 04120000
0el604aas 0,231101s V3622229 044533330 0,6755559,
06897777y 143622229 2.00V8888¢  2,453333¢  J.120000/
DATA 237 04000 0eUQs V009 OoUOs 04UQs 00000 0,000 04020 0e06,
Golds 1859 0,550 Oeti7Tys 14900 1697y 2,000 2.060 2,060
10989 164850 1e5U0 170 16150 1ells 14079 098¢ 0,880
0eb79 UnbTs Qedhe Qelbys UoUYs 06050 04030 Ge0ly Va0
OeU0s 064000 U000 06000 0o00s 0¢00¢ 00000 000y 000y
0ed00 00000 Vo009 Ve00» VL UQ/
DATA LY/ 20,291422E<020=4 16571 1E=0ly +O19272E=01s=:998122L+00,
A 0522010E°01¢=,387660E902y «1i9015E*Us,s +105780€*06s +208712E°06,
R «B86106E2080 (267319€¢0Me=JIT0F0E*USGy l0TQ16E*030=,483070E04,
K2 e2208]1 1E20092,128032€2009=¢9/0)71E40I9=02308990E¢030=e1]111l206L¢03
Reo04U02IE2030 139299€ 00y 1414640E*030 ¢150441E+039=:844406E0)
A o111189%203¢2,86336300020 +81916CE*VL12¢]119828E+039>¢902H60£+03
X 0130126€0892,309330E¢030 o199978E*UG =+ 188176E02¢ 346199 ¢03¢
R eITAS)6E2029=4LU0000LE*ULY «@D735VE*019=e20T7T704E*00¢ 75983)L=01»
A2el61884E=01r +3IUS5Y0E=021=¢8000LSE=VI0 +198135E=03v=0s4]13996€=00)
R oT00051E=U90=,1001T9E=0%e HUBLOLE=VOs=e TULTBOHE=UT 1>, 7817808E-QT/
OATA TITLES/4n sAHRUN serll s8ML 0 +MHSEC soMR[GMe

P86 P K M

P I I I

VENSY
S0477CY]
SQQT7CY]
UENSY
UENSY
UENSY
UENSY
DENSY
UENSY
DENSY
UENSY
UENSY
UENSY
UBNSY
UENSY
VENSY
VENSY
UENSY

VENSY
UENSY
UENSY
uensY
VENSY
UBNSY
VENSY
VENSY
VENSY
UENSY
UENSY
URNSY
VENSY
DENSY
UENSY
UENSY
UENSY
UENSY
OENSY
UENSY
UENSY
UENSY
UENSY
UENSY
VENSY
DENSY
OENSY
UENSY
LENSY
UENSY
VENSY
UENSY
VENSY
QENSY
DENSY
UENSY
VENSY
VENSY
VENSY
UENSY
VENSY
UENSY
UENSY
DENSY
VENSY
OENSY
VENSY
UENSY
DENSY
UENSY
UENSY
VENSY
S0Q77CY}




X onT STo4HAGE +oMEASTort ANOsSNWESToar waAL oML ANJONALYTsoM[C o SOQTTCY! 26

A oM (XY, van sert [XY,] SUQTTCYL ar
' DATA TMB/ 20385/ eMB/22/9AMB/ 400937+ MBw/ 2/ SUWTTCYL 28
DATA Yﬁ/‘l-ﬂ"lo"'l-ﬁ"lcb"@o"“néo‘l020'100-030‘070.000013' SUW77CYL 29
X ®eb9®391oeldrs=e|1™clbolrelbrelrecdredl/ S0Q7ICY] 30
DATA 28/Vesodrebolalolelrleodeelde0edelt130693¢903e81303030d899e00¢ SUU77CY} 31
KX JelededoBoelolebo/elolavsliengs SQUT7CYL 32
VATA YHW/=¢es®lePoolelsoleto=leD0=fsto=foedroeioedrolelrmfermegea,Tly SUWTICYL | 34
R ®e89=1992,089=0392089=eU0sUevelredreit/ SUWI7CY] e
VDATA L8wW/0e0VaveD0e8olelrlelreBoalocsdsecdon] 9wl 79=]lo8s=]0ols SUQ/TCY) L)
N A @) 629039203020 403e906007e80lVe/ S0QTTCY] 36
. OAlA TITLEY/en SANRUN 2swrMiUF serled +@MSEC +eMLEF T SUWTICYL 3r
M A ot STeertaGE +4MEASTseM ANUsennESTeart wALsenL ANoomALYTeemiC o SUQTICY] 38
i A en s vort st X Y] S0Q77Cr) 39
i OATA TMY/ 20349/ eM9/ 10/ 1AM/ eUL/ s MYu/ L9/ S0WT7CYL “0
b DATA Y9/=1oe780=]1edB1=1681"10100=0809200692:92012,429°0369%:8y QWUT7CYL L)Y
! A =el20=eU080eUBeelb0c0lre5¢/ SUU77CY] 'Y
e DATA 29/=cdelelrslelolor=stiseletom] 089=])0eIroclolobsliololoedSoler SOYTTCY!L 63
b X 02703000543/ S0Q77Cr) 23
}_ DATA Y9uW/ =l el00=ie921= 0002 el00m] 21 =e900=2,009=,08s°,379°:30 SUUT7CYL 45
L R 2429201 92¢00000CreU900l0032000b006¢8/ SUYTTICY) (Y3
i DATA 299/ =e30e21e9010/01e09e3902e/ 91020 Lels2e5501e¢0302630240%¢ SUUTICY] 47
R 049063005028 ¢503e706.8/ SUWT7ICY] (Y}
) 0000000000000 0000000000000000000R000E0000000000000000000000009¢¢00000e® JeNSY 98
3 OATA BLANK/&n UENSY 99
- ™ =2 YLEN DENSY 100
XMACHS4 .26 UENSY 101
. LAGBFLAG® . ) VENSY 102
1 mUT = NPAONPY OENSY 103
0U 1649 ILERO3LsMUT DENSY 106
k . lo¢9 PUILERQ) = Q. UENSY U9
C CALL LERU(P L) ¢@(MuT)) DENSY 106
Lzl UENSY 197
2 IF (LADGEU s 9eUR LAV E e TeUR LAV IEN B eURILAGGEQeT) LL3=(NGYMa2) 590’7CY1 49
k. GO TO (1009s2U0s30Usw0VISVUZ1500+8UUFULelU0L91001) sLAG SUWTTICY) So
' C CUNTOURED SIVEwALL UVUENSITY Flzuy DENSY 140
2 100 TM(1)aTMROSURT ((AMZ2ee2a],)/ (AMACHGe2=],)) DENSY 199}
AMULLS {XMRO02/SURT (R MZ®02m ), ) )/ (AMACH®E2/3URT (XMACH®92=],)) UENSY 112
AMULTLL) 8 [o/72mULG OENSY 113
ALS (1) =00 VENSY lle
M{l) = &5 VENSY 115
DU 11V ism]eé5 VENSY 116
Y(lellimve(|) VENSY 117
Ztlel)=mZ2(]) VENSY 118
110 D(lel)=02(]) VENSY 119
0V 120 [aleev UENSY 120
le0 TITLE(D)STITLE2(D) VENSY 121
GO TO 2 DENSY 1¢2
C FLAT SIOEwALL OENSITY UILIELD OENSY 143
200 TM(Ll)STMIOSQNT ((AM|®02a] .}/ (AMACH®® 2=} ,)) UBNSY lde
AMULOS (AML®O2/5UNT (AM]@®92a] ) )/ (AMACH®®2/SURT {AMACH®®2=],)) UENSY 1¢%
AMULTIL) = Le/ZamUlo UENSY 120
AWS(1)sye0 DENSY 127
m(l) s S0 LensYy 128
U0 21U [=21e50 UENSY 129
Y(lel)avi (], UENSY 130

Zile)aZi (D) UENSY 131 '
¢l0 Otiel)eULL]) VENSY 132
i OV 220 [®1+290 VENSY 133
L 2eo TITLE(DISTITLEL (D) UENSY 13e
: 60 Tu 2 UENSY 145
C LATEST ANO GHEATEST TwO STALE UENSITY FLELD UENSY 146
} 300 Tm(l) = M3 UENSY 137
' ALS (L) 800 UBNSY 138
AMULT(L) = XMJ3 VENSY 139
t Mil) & M3 UBNSY leg
! U 30 [ = LeM3 UENSY 161
: Y(lel) s v3(]) UENSY 1e62
i Ltlel) & 23D URNSY 163

310 UlLel) = D3 VEBNSY les




DO 320 I = 1420

3¢V TITLE(L) sTLILEI(D)

60 T 2
Coevnaee 5L STAGE DENSITY FIELUL

800 IF (FLAGLT 8409 GU TO bu¢
READ (S+UENSS)

READ (Sed07) 1]1LES

BUT FURMAT (2UAS)

802 TmM(l) s TMo
ASEELST,

ALS(1) = 0.0
AMULT (1) = xmM8
M(l) = M3
VO 8lu LIs)lsm8
Yilel) = YaL(])
Ztlel) = 28(1)
810 Otlsl) = 0,0
IF(LL.EQel) GO 0 615
TM(2) s TMY
XLS(2) = Qe
AMULTLZ) s xm8
M(2) = My
00 811 i=jem8w
Yils2) ® YvHW(])
Z(1e2) 3 Z8wl(])

8ll VtIe2) = 0.0

815 LU 320 Is=1.20°

820 TITLE(D) = TITLESB(I)
6V TO 2

ULl IF (FLAGeLTe9:05) GO TO 9Yue
READ (SeJENSY)

READ (5+807) TITLEY

YUe TM(]) =& [MY
ASEEU=T.

ALS(L) 3 V.0
AMULT (1) = xM9
Mil) = MY

DU 910 i=leM9
Yilel) = Y9(])
Zilel) = 29(})

910 Otlel) = Qo0
IF(LLEWQel) WO TO 915
TM{2) = MY
XL9(2) = Q.0
AMULT (2) = AM9
Mi2) = MYw
VU 911 1s]lsm9w
Yile2) & YYUW(])

Zile2) = Zuwlil]l)
9iL U(le2) =3 Uev
919 VU 920 l[=2ie2V
weu TIHiLetlly s rQtLewil)
LU T 2

(ANALYTICAL SIVEWALL PRUJECTIUN) ¢eoeee

900 HEAD ([Ne987) (TLILE(L)ol®iel/)

wo] FURMAT (l7ae)
OV teS | = 1,3
705 TLILE(LT*l) = BLANK
Yoy FUkMAl (JF10e09019)
yoR FURMAL (2Fi0.64ki3e0)
200 %03 L = Lol
IF (LAGeNE«SeANULAGeNE o/}

v Ty 222

READ (INe989) ALSHiL) e  AMULT (L)  IMIL)e ML)

MMM 8 ML)
DU SUE | 3 LeMMM
U2 WEAD (INsYBd8) Y(lel)s2tlsl)

wWilel)

C CUMPUTE PrASE LUISTORT[UN Ll SeomenT
€e2 wrlITE(0:96) (TIILE(L)s[=mlyg)

96 FURMAT (1ML e2Ae20AN)
wHiTE (6e3d) MMO, He
3 FURMAT (98MY  HMO

PLAGOALS (L) o AMULT (L) o TM(L) ML)
"

FLAG  ALS  AaMULT ™

M /E10edoSAeP To3oTReFDalocr6e3eFBens[3/L7Re HSe|LlXsOMOELRMUGOK,

UENSY
VENSY

UENSY

S0QTICY]
S0Q77CY)
SU4TICY]
S0Q77CY1
SUQTTICYL
SOQTICY)
SUATTCYL
SUQT7CYL
S0UT7CY1
S0W77CY]
SUNTTICYL
SOWTICY]
SoQ7?CYL
SOUTTCYL
S0Q77CY}
S0QT7CYL
$S0Q77CY}
SUGTTCYL
SUQTICYY
SUQTTCYL
S0Q77CY1
S0QT7CYL
SOQTTCY]
$0Q77CYL
SUQTTCYL
sou7ICr]
SOuT7CYL
soe77eY)
$S0Q77CY1
SOY77CY)
sour7¢Yy
S0uT7CY]
S0Q77CY}
SOQTTICYL
SOGTTCY]
S0QT7CY1
SOQT7CYL
S0Q7TCY]
S0u?7CY}
soQ77Cvl
$0Q77€Y)
SQu77CY)
S0U77CYL
50077¢Y1
SOQTTCYL

SUWI7Crl
SUUTICY)
GWUTICYL
SUWTTICYL
2047 7CY)
UENSY
UENSY
VENSY
UBNSY
UENSY
vensY
VRNSY
VENSY
URNSY
UENSY
UBNSY
yensYy
URNSY
DENSY
VENSY
VENSY
ueNSY
ORNSY

168
166
ie7
E1)
52
93
S5
5
26
S7
58
29
60
6l
62
63
(7Y
65
66
a7
o8
69
70
7
12
13
Te
14 )
76
77
78
79
80
81
82
83
86
a5
86
87
88
99
90
91
92
93
9%
95

Y&

9/

98

99
v
L68
169
150
151
19¢
193
196
155
196
9/
158
199
160
1ol
162
163
Loe
16%

e S A e



SR S

ClInCULFFICLIENT ) UeNSY 106
MMM 2 M(L) UENSY 107
Wt i TE(Oe®) (Y(LoLdodilol)swlLo) vinml ommm) UENSY [ ]
o FURMAT LLUR P L0e909A0F LlUeDv0Rrk]b0/) UENSY 169
203 HRUCL (L) S=RMUPGUC*ZSLAB®AMUL T (L) UENSY 170
DABALEN/NSY UENSY [R A1
QYSYLEN/NPY/ (NSYMe ) QeNSY 112
14=0 UENSY 173
00 1y [sleney UENSY 17
SaQYet][=.35) OENSY 175
DU 10 JsieNPA UENSY 116
ABUX® (J=ely) UENSY 1
123]2e1 DenSY 1/8
IF(LAD +EQe 84URLAGEQePICALL LINTERP (Xe9e0P) SUWTTCYL  1u}
C IF (R0 o0 WRITE(D0CUSLIKeSoUPs 1L SOUTICYl  jw2
2US1  FUNMAT(10AIOMR S UP 1Zs3(9&st15e7)9i5) SUUTICYL 10) i
IF (LAGeLT.8) CALL RUSN(AsSeuM) SUQTICYL 10e :
10 PU1Z )=yw URNSY 180 :
¢ URNSY 18} !
GV TL luvo SULTICY] 1us
C {({ MODLFLED L/14/77 FAA TO REAU ¢ VENSITY FIELDS FNUM DLISK SUQTTICYLl Lloe
C FLAGSL0« WREADS ¢ lELY FHOM UNLT 30 S0Q77CYL 107
C FLAGSL]le REAOS PIELLD FRUM UNET 3 SUQTICYL  lvs
1V IF (LAveEW.10) JUENS= IO SUQT7CYLY 109
IF(LavetUell) [UBNSEIYL S0477CYl 110
c 1) S0uT7CYLl 111
NYg = MUT SUQTTCYL 112
NUyBs NUY S0u77CYl 113
IF INSTM(NE U)Wl TE (6011 3) SUWTTCYL Lle 1
113 FUNMAT (SR 543MERNUR=UENSTITY F [ELD CHUSEN NOT COMMENSURATE o SE77CY) 1y
AGSHWL IR SYMMETRIC MESHe PRUGKAM STuF ENCUUNTERED o/) SVUL77CYl 1le
IF INSYMNE L0 STOP 20UT7CYL 117
IF INUHH o vE oMUY wHE TR (60 112) SUL7ICYY }is
IF INOBB eNE snUB) B TUR SUUTTCYL Ll9
Lhe FURMAT(9A JIRCURNENT MESM TS NOT (N AQREEMENT wile SWTTICYL  Léu
RMoaardTuntl UENSLIY VALUEDsPHULKRAM STUP [N DENSLIY.PLZ SUUTIICYL  1¢1)
YollMCHECK [y 7 ) SVWT7CYL 122
PHASE S(L9LAB/ 196,3¢) SUUTTICYL 124
HEAD (LLDRIS) (P (L L) 9 [ L) «NUDD) SUQ/ICY]L  1ee
C (4 HEVISEY UN UR BEPUNE L2/77/ 160 P ADAMER SUUTICYL 12
HEAD ( JDENS) AvUPy SUJTTICY]L 1¢és
Rewlhy [UENS SUU77CY] 127 :
WRITE (60 19806) AVUPY SUTTCYL  12s j
1906 FUMMAT {J8n AvURI [N AREA UP CUNVEA MIWNNOR 3 'e19e0) SULTTCYL 129
DU 999 RX 2 | NUBY SUe77CYl 130 ‘
PIAK) S{(P(AK) «AVQPL)® PHASE SUUTTCYL 13y
995 CunT [NUE QNTTICYL 132
wHITE(6s116) IUENS snUHS SUUTICY]1 133
Lis FOMMAT (3X+28MUENSITY FIELD HEAD FRUM UNLT o1392Me o19e S0UTTICYL  LJde
AGnPTS WEAY /) SVUETTICYL L3S
1ou0 CunTinve SULTICYL  lJe
C  ==PLUTPIsU. FUR NU PLUTTING PyLNiS WRT7ICYY 147
C ==PLOTPI®le FOWN PLUITING PULNIS [N & DERe THHU CENTER U CAV]lTYy S0Q77CYl  lJe
C ==PLOTPTS2s FUR PLUTTING PUINIS LN Y ULNe THNU CENTER OF BEAM WUTICYL 139
MLUTPTISU. SUQ7TCYLl leg
[P (PLUTPI JEdele) GU TU L2d0 SUQTTCYL e}
wRITE (60 1907) SUQTTICYL  leg .
Ly87 FURMAT (/720K 19nPLUTT NG rPULNITS SUQTTCYL 163
Ii1sv SUUTICYL  lee o
AUXSALEN/NPX SVQTICY]  les o
AUTBYLEN/MPY/ (NSYMe | ) SUUT7CY]L les s
DU 12y [=] NPy S0Q77CY]1 (a7
YYYSAUY®l[=,b) WUAT7CYL led
DO 1249 Ja]Nbx SUWTICYL  Lle9
AXASAUX® (Jw ) SUWTICYl 1S9 i
Iiislilet SUQTTCYL 19} 4
[F(PLUTPT ;EWelel GU T 198y SUUTTICYL  15¢
IF (AXA LB eSeVeONeRRALEDeu/IbY TU 1245 SOW?7CYl 193
Gy TO 99y WUITICY] 1%
L989 [FIYYYelbeSeBeURYYT bR oD/} U o jeJd> SUQ77Cr} 19Y
1990 wRITE(6e3696) XXAeYYYeM([]) SUWTICY) 1Se
Ja56 FURMAT(LUXRGLIMR » ¥ v OPUISRY 131967 90A)) SUUTICYL 157
i
79




-

1235
cn
1c36

COnT InvE

CunT LwE

C UNAW PICTURE UF wHASE SHIFT PER SCOMENT

kL]

9203
S1

23
$e
9e

99 FUNMAT (1 IHUMIN vALUE [SeELlDe/eDXe ¢nMAR VALUE [SeE1DeToDR0
137m NUNMAL {ZING PACTUN Fum ABUVE WLUT [S

C XLS=] MOU 6 NULLLES SPLINE Ualad FrUM P ILE Lo

LX)
lev0

levl
leue
evl

eyl

el0

PMAXSM (L)

PMINSPMAX

bV 50 Isi.mutT

PMIN 3 AMEINL (PMENer( | )
PMAL B AMAKL (PMARGP( | )
UPEPMAK=PM[N

IF (LAGeLT10) wulTE (6e31) TITLE
[F (LALUELLU) aW]TE (892203)
FURMAT (Lm]))

FUrMAT (LMLl egDRecUAS)

IR1E=)}

IF (NFX.LT,.ic8) LlRiIEs¢

OV 52 JsiINPY

RJE (NMY=J) ® Npa

DU 93 IsienPACIRTE
IPI1)3I0ed® (o0 (P LLeKJ) =Pm][N) /UK)
wRITE(6eD4) {iP (L) o [BLeNPRIIRIE)
FURMAT (2Re 13014}

wrITE(65935) rMINePMARILP

)
)

RETUKN .

READ(IFoleyd) TiLE
FURMAT { L2As)

HEAD (IFslaul) ibsMe
FURMAT (1olY)
READ(LFoiay2) AGeY4oelseCeo
FOMMAT (DL 1beb)

VU 0L [3i412
TITLECL)STILE(D)

LU su2 [=}3e20
FITLE (1} sutank

KaMe ()]}
HEYS(LeK)ova(lel)

HUCL 2a=RH0®GUC*ISLAD
DASXLENZNPX

OYSYLEN/ (NPY®(NSYMe () )
DO &ly [slenePx
RBOX®([~e5)

U0 610 Jml Py

SB VYR (JY=e5) = (YLEN=H,) / <.
CALL HUSNG(XeSeUP)
Plle(u=l)onpx) s Yp
GY T 10v0

END

10. SUBROUTINE FOURT

a.

Fourier Transform on any multidimensional complex array by efficiently per-

SUW7ICYl
SUUTTCYL
SUUTICYL
DENSY
UBNSY
vENSY
DENSY
venSY
VENSY
JENSY
SOUT7CY1
S0UT7CY]
SUQTICY]
UENSY
VENSY
VENSY
VENSY
VENSY
VENSY
venNSY
UBNSY
UENSY
VENSY
UENSY
UENSY
VENSY
VENSY
UENSY
VENSY
URNSY
VENSY
UENSY
UENSY
UENSY
uensTY
VDENSY
VENSY
DENSY
UBNSY
VENSY
UENSY
OENSY
UENSY
VENSY
UENSY
UENSY
UENSY
ORNSY
sourICY)
UENSY

Purpose -- Subroutine FOURT performs a forward or backward Fast

forming the summation,

198
199
160
loe
185
186
187
180
149
190
161
162
163
192
193
196
195
196
197
198
199
¢00
vl
LT
F{X]
296
209
{1
207
r{1]
209
210
el
el
213
214
£15
Z16
r1%4
258
219
229
221
222
223
22¢
225
226
166
c28

(39)
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The transform pair that needs to be evaluated is

x

F(s) =/ £(x)e2TIXS gy

{40)
and
i”‘ <«
A -2mixs
. £(x) =/ F(s)e ds (41)
To digitally evaluate an integral, the continuous form of an integral must
be changed to its discrete form. For example, '
b N
G =[ gl{x) dx >lim E gnaX (42)
N
a n=0
b. Relevant formalism -- Assume that all the intervals, A.‘(n, are

chosen to be equal and that the infinite sum can be approximated by a finite
sum. Then,

N-1 n(_b“a)
G = E g (xml-xn) with g, = glx= N (43)
n=0 '
N-1 (b-a) (b-a)
G =Z g |one1) — -n
n N N
n=0
N-1 b
G = AX E g / g(x) dx (34
n=0 a

81
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To evaluate Equations (40) and (41) by the approximate form (Eq. (44)),
assume that the function f(x) is spatially bounded in 0 <x < 2L and that it
is a band-limited function so that F(s) is confined in the region -B<S<B. To
perform either a backward or forward Fourier transform, the functions f and F
should differ in form only by the sign of the exponent. Therefore, the prop-
erties of F must be evaluated so that its region can be changed to 0<S<2B.
This is easily done by replicating the function f(x) so that it is periodic
with period 2L. This will not change the value of f in the region of interest
and, by proper choice of N, will return the desired function F.

A sampled function, fs’ can be analytically represented by a Dirac delta
function:
N-1

fs (x) = E fn § (x-nax) with Ax =

2L (15)

n=0 N

A replicated function can be represented bv a convolution:

2L »
rep 6/'& £ (x)nZsé - (x7+ ZLN))

f (XJZ §(x - n2L) (46)

ns-o

la /]
—
b
—
]

Therefore, a sampled and replicated function is represented by:

N-
]

a 4N
f (x) = fy § (x-ndx) o) §(x-nNAx)
n= " g-

A
The Fourier Transform F(s) of ?(x) is

N-1
F(s)= F {e}= FI{ £ (x-nAx)} F {E
n=0

G(x-nNAx)} (48)

by the convolution theorem. Since

82




GZ 5(x-na)=é Z-s

E Y ) N=-x
one finds,
“ N- 2xisnax - 1
F (s) = £ E = 5(5 -L)
o= e Nox Na

Rearranged this gives

2ximn/N

1 - N-1
? (s) = 6(5-1"—)3 E : fne
Nax gy Na ot
Recalling Eguations (40) and (44), define

i 2xinm/N

Fn = Ax f“e = Fn-'-N

n=0

Then

1
£ (s) = ':E::F' §{s-
N(AX)Z bt m NA

Since Fm = F

men’ ON€ can rewrite the above as a replication for every M

point.

N-1 »
1 .m a
? (s) = N ;x)zsz 6(5-.‘7.5—2( Z 5(- ;x)

m=0 nz-»

Therefore, by replicating f(x) with period 2L, F is periodic with period
1/AX.

(49)

(51)

(52)

(53)

(54)
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So by choosing N so that N/2L 22B, rewrite the limits for F as 0<S<B,

Since
N-1 1, n = k
= L 2zim(n-k)/n -
énk N }E: €
m=0 0, n#k

invert (52) to find
N-1
_ 1 -27imn/N
£ ° ﬁZ?::E: Fa €
m=0

Thus, choosing As = 1/Nax, the transform pair becomes

N-1 .
“2ni
F_ = Ax f ¢ 2wimn/N
m n
n=0

)

«z|—

£ = 2s E F g~2rimn/N (axas =

where, with N/2L > 2B, F_ represents F(s) for 0<S_<2B (S
-— m - m— m

sents f(x) for a:;nggL (xn = nAx).

(55)

(56)

(57}

(58)

mAs) and fn reore~

The transform pair fn and Fm are now in a form usable by the Fast

Fourier Transform (FFT). The FFT evaluates the sum

N-1

s Z £2nirk/N
Ar Kk €

k=0

(59)

AT $PS KR AT A T 73 v T
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+ sign in the exponent):

M-l N-1

E ; irk/N 2 : 2mirk/N
Ar = Xk € + Xkr

k=0

k=0

(keven) (kodd)
Let
k=01, 3,5, ;‘-1
then
1
[ amir2k/N | 21fir(2k+1)/?-i]
A= v, € + I,€
T “k k
k=0
Letting
N
5 -1
—_ 4mirk/N
Br_z Vi
k=0
and
3.
CrE E vA e4mrk/N
k=0

9. Wiggins, R.J., "Fast Fourier Transform: An Introduction With Some
Minicomputer Experiments,”" AJP, 44, 1976.

Following Higgins (Ref." 9), this sum can be split into two sums (choosing the

(60)

(61)

(62)

(64)




Ar can be written

Ap = By + CpefMiT/N (65)
Define
-~ 2mi/N
Wn ] (66)
Then,
= T
A, Br + Cr + (W) (67)
By letting r - r + N/2:
= T a
A(r+ V)-Br- WJ C 163)

Therefore, Ar can be evaluated by doing two sums, each containing N/2 terms.

2
Ar + N/2 is found using the two sums used in the evaluation of Ar' By

However, these sums need to be performed for only half the r's (O§;< ) since

initially forcing N to be a power of two by completing the array to be
transformed with zeros, continue to divide each successful sum into two,
until a "sum" is reduced to just one number, taking care to note that N
changes with each division. When using the FFT, care must be taken to scale
the output correctly since the FFT evaluates only sums of the form

N-1

U
E.21r1nr/N (69)

and as can be seen from Equations (58) the Fourier Transforms contain Ax or

ds: If only forward then backward transforming is done, it is sufficient to
divide the final answer by N for each dimension as is indicated by the last

part of Equation (58).
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Note that when the data are returned from the FFT the first data point
is either the x = 0 or the s = 0 point. To see the actual frequency space
pictures, assume a two-dimensional case. An isointensity printer plot of FFT

output in frequency svace might look like that shown in Figure 22.

N
el

28

. -y
0
0

Figure 22. Example of isointensity printer vlot of FFT
output in frequency svace.

28

To see the ~B to +B version, the adjacent cells shown in Figure 23 must
be added to Figure 22.

d The subroutine FOURT computer printouts follow.

S
(-8, 8) (8,8)

T
D)

(-8, -8) (B, -8)

Jaci N

A&
s

.

N
AN

-
AN

Figure 3. -B to +B version of isointensity printer plot
of FFT output in frequency space.




SUBROUTINE FOURT 76/176 OPT=1 FIN 1.6+452 04/27/79 12.23.47

SUBRUUTINE FOURT (DATAsnAR enNe LSTUN) FOURT 2
C.........'....'O...."..'.'..'O'O.......'000.\'ﬁ0.0’.'.'0.....'..'.....c ’-uu“]’ J o
c THE CUQLEY=TUKEY FAST FOUMIENR TRANSFUNM LN USAS| HASIC FURTRAN PUURT I
Cc THANSFQRM(N] ¢K2pess) = SUH(UAIA(Jlodena..!'Exr(!SlGN'd'PIQSUNT(-l! FUURT E]
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11. SUBROUTINE FUHS

a. Purpose -- Subroutine FUHS is used to calculate the phase change
due to heat release as the molecules in the lower laser level decay to the
ground state, assuming supersonic flow and that the heat release has a dis-
turbing effect (not major) on the flow. Figure 24 shows the subroutine FUHS
flow chart.

b. Relevant formalism -- The equations used are based on those by
Biblarz and Fuhs, (Ref. 10), and by Fuhs (Ref. 11).

Initially, it is assumed that the continuity, momentum, and energy equa-

tions for steady flow with heat addition are valid:

Continuity: 7. (o) = 0
i
Momentum: p + 97 =0
pt P
-2
R u
Energy: 7. ou (h +—) = q
2

These are linearized, assuming

B Eote p=pm+p u=/j§(U+u‘)+/Jxv'
resulting in
Continuity: P Uy + pwu; + Uo'x = 0
3
(u' z ——u' ; etc
3
X
’ 14
p“qu +px=0
Momentum: ] , , 0
+ =
oy Uv, Py

(70)

(71)

(72)

(73)

(74)

(79)

(76)

10. Biblarz, 0. and Fuhs, A. E., "Laser Cavity Density Changes with Kinetics

of Energy Release,'" AIAA Journal, 12, p. 1083, August 1974,

11. Fuhs, A. E., "Quaside Area Rule for Heat Addition in Transonic and Super-

sonic Flight Regimes,' AFAPL-TR-72-10, Air Force Propulsion Laboratory
WPAFB, Ohio, 1972.
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U 3 [P 1
t Energy: LY ._(._. -ﬁ) = q "

The solution is then found by using the potential for the flow as done
by Tsien and Bieloch, (Ref. 12), resulting in the following equations for a

heat source q in supersonic heat addition

W e - U288 sy (78)
ve Doy (xgy) (79)
Pl (UM 4 (g (80)
o = (7;—5%—2&6 (X'-SY) - L:-;I'Um 8§ (y) I (x) (81)
where
x = 8y Defines a Mach line (82)
g =M1 (83)
a = U/M Speed of sound (34)
oy

For volume heat addition q + dq = h(x,y)dxdy, and the effect of all sources

are added; for example,

u’ =:%§%):/:/;(x,y) dxdy § (x-8y) (86)
i s
1 !
= 200-1) Fh(x= i 87
‘ Yo8 (x=8y) sin uds (87)

' 12. Tsien, H. E. and Milton Beilock, '"Heat Source in a Uniform Flow,'" Journal
of the Aeronautical Sciences, December 1949, p. 746.




where the integral is taken along a streamline (x

related to x and y by
S = x cosu S =y sinu

The equation for density change is therefore,

- Q;;l)-/:/:ix'dy' h(x,)6 (y-¥II(x - x)) (88)

a~ u

The first term is due to heat addition along a streamline while the second is
due to the wake in the energy release region. "Heat addition in a supersonic
stream causes compression waves which radiate from the heat release region.
The waves reflect from the cavity walls. Downstream of the heat release

region is a wake. Whereas the compression waves increase gas density the wake

decreases gas density" (Ref. 12).

The heat release (h{x,y) for a laser can be written:

X
hix,y) = ¢ f AI(x,Y)e - (x=x}/UT o

“NEP

where T is the time constant for the depopulation of the lower laser level.
[f the depopulation were instantaneous (T + 0) then the heat release would

be proportional to the intensity since for every molecule emitting a photom,

that same molecule gives off a quantum of heat. [t

that the above equation for the heat release can be used in all regions of

the far cavity with only small error.

The constant C can be found by conservation of energy. Consider the

following three-level molecule shown in Figure 25.

s
w1 oy .
= = = |(== f h(x,y)l x=ty smuds)
0

= By) and sinu = 1/M. S is

(89)

has been shown (Ref. 12)




Figure 25. Three-level molecule.

The quantum efficiency n is defined as the ratio of the power out divided by
the power in, so for the gain/phase segment under consideration

. (No. molecules) (E-Ej)_ p
(No. molecules) (Ej;-Eqp) sH+,P

AH = (No. molecules) (E1 -EO)

The above expression can be inverted to give
AH = (ﬂ) AP
1

&P =ffdx’d>" AL(x,Y)
AH dex‘dy' h(x,y) (91)

Assume, for this calculation, that (0,0) is at the corner of the sidewall and
the NEP. Then,

] K

fdy /dx - (x=X)/UT g0
o o

-] -
= cAz /dyf dx

o o

AH = cAz ALl (x,v)e

I (x-x) AL(x,y)e” (X=X UTgy

[
r




where, recall

1, x»x
I (X-x:) =

0 x<x'

so
MM = cAzf dy d:éAI(x',y)f dxl (x-x) ¢~ (-/UT
3 (] o 0
= cAzf dy./‘ dxAI(x,y)’/. dx ¢ X /UT (93)
(¢] 2] x'
- , 1 (94)
oH = cbz / dy f dxLI{x,y) (UTT)
e "
= cUTAazAP
50
Ln . 8. cyraz (95)
n AP
or
o o Lln)( (96)
n ) \TTaz

Since the numerical kinetics return the conditions of the wake region and not
the heat addition, these must be the data used. Thus, for the analytical
kinetics model, find the heat addition to the wake:




e e el

¥ i : -X)/UT
W(x,y) = [d:éh(x’,y) =c fdx’ fdx”AI(x',Y)e - (x-X)
0 0
] ' ” (x-X T
=C dX’I(X°xI) f dx I(X-X') AI[X,)’) £ (x X)/U
a 0
=c fdx‘AI(x"‘,y) f dx T(x-X) I(x-¥) ¢ - (X-xy/uT
[/] 4]
- X ’ i' UT
=c f d¥ aI(x,y) r(x-x")f i ¢ XX/ (97)
[»] x"
SO
* 3 i
Wix,y) = ¢ / dx' A1 (x,y) UT(l-e'(x'-’( )/m) o)
o
so, recalling
€= lcTn UT—I—AZ and AI(X,y) = 2 (i—;:%) PPD from SIMPGC (99)

wake energy addition becomes

X
W) = }:G) 0 f dX PPD (X,¥) (1_8-(x-£)/u1*) (100)
(]

Now that both numerical and analytical models can give the wake integrated
heat addition, the Fuhs effect is calculated in the following manner:

x(I)

v - ¥X(1- 101

H(L,J) = ﬁ h(x,y) dx = ( (I)) — L(I 1)) (101)
x(I-1)

Given this average heat release function, the integral along a characteristic

can be performed. Note that reflection off the sidewalls must be included, as




can be seen in Figure 26. The contribution due to reflection at P1 is there-
fore found by finding the total heat released along the characteristic that

reflects at P,, then adding this to that found along PZPI'

(Note: For larger Mach angles (>tan -1{14y/24x}), the effective number of
points in the direction is multiplied by a factor of KS in the program so
that only information in two mesh rectangles is needed to find heat addition
at the wall, i.e., extrapolation from the two nearest the sidewall, as can
be seen from the following more detailed description of how the left and
right characteristic terms are found.) Assume KS = 1 and that the Mach angle
is less than tan'1 (Dy/2Dx). This is assumed in the program by changing the
total effective number of x coordinates to be KS*NPTS.

| NEP

Figure 26. Average heat release function.
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Consider first the left characteristic term for the (I,J) point in
Figure 27:

Figure 27. Left characteristic value.

The left characteristic value at (I,J) is that at P (found by a linear inter-
polation between the (I-1,J) and (I-1,J-1) points) plus the heat released in
the region, again using 2 linear intervolation for H at (I-1,J) and (I-1,J-1).

Now consider a boundary point shown in Figure 28:

I-1
Figure 28. Boundary point,

To find the characteristic value at (I,1) it is necessary to know the value
at point P which is in the (I,1) column on the sidewall. The value will then

be a linear interpolation between the values at (I-1,1) and P plus a similar
linear interpolation for the added heat.
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To find the characteristic value at point P, the values at (I-2,2)
and (I-2,1) are extrapolated linearly toward the boundary to find the value
at point Q. Heat is then added, again by linear extrapolation.

Note that this detailed analysis at the boundary assumes that the char-
acteristic of interest lies between the boundary at (I-1) and the (I-1,1)
point, hence the necessity of the restriction that DYR = DYCH/DY be less than
0.5.

Analysis of the right characteristic is similar to that of the left
characteristic.

The phase shift is found using the Gladstone-Dale relation.
nx1+ Co (102)

The phase change 4: is

_ an _2r [ C p AZ
Ad = 5 Anaz = T ( 50 Ap ) o) (103)

This is then added to that of the unloaded density field to establish the
total phase change at the gain/phase segment.

c. Fortran
Argument List

wake for numerical kinetics
IC = for analytical kinetics

1 f1-n
Al x =— |—
82 \ n
DEN = phase change returned due to the FUHS effect
NCV - cavity number

Commons Changes - none

Subroutines called - none

Computer printouts of subroutine FUHS follow.




SUBROUTINE FUHS 76/176 0PT=1 FIN 4.6+452 04/27/79  12.23.47

SUBRUUT IE FURS(LICoLENINGCY) Funs 2
1 C FUnS LFPECT ALUON]L MM PUnS 3
: [ TrES MOUTINE CALCULATEYS Irme CUNTRIHUTIUN TU THE CAVITY OenSITY Funs .
[ FLELY DUE TY STIMULATED EMiISSIUN [NUUCED HEAT aUOITIUN,. ryns S
3 Level 29 ZICIVENAC runs [}
3 : CUMMUN/ZCAVZ/ZAC (D) s YC (D) 0 ZC (D) sNA (D) sNY (D) sNS(S) 1 AMC (D) s YMC (D) o ruUNs 1]
2 NOTYPE(ZU) o 9SUAINILYVID) oSATINIS) tHETALD) sRMUS(S) e  FUNS a
3 VELID) s0AM(9) o XMACHID) o iV (D) eTVEIDIoTVII(D) s TYNZ(D) o TSCAVID) o PunsS 9
w PSCAV (9] o8t (D) o NE(D) s FCUC(D) oFHRID) oFCU(S)IFU (S o TITLE (20D runs 10
9 AVGUIS9)e  NSTM runs il
DIMENSLIUN 2ICt | IR T ) sCHR(9602) 1 CHL (9092) 21 {96) Funs 12
ENTHP (AedeC) SASC® (d=A) Funs i3
CALL CPU![M(LSHT) Funs 1e
C **e CALCULATE INLTIAL CUNSTANIY : Funs 19
U & VELINCV) Funs l6
GMA 3 GAMINCY) Funs [ %4
AMA 3 XMACHINCYV) Funs 18
HMY 8 RMOS (NCV) rUNS 19
A 3 U/XMA Puyns 29 ]
AWAK 2 (UMA=|.y) 7/ {aPe20U®NNY) Funs 21 ]
IManZ (NCV) Funs a2
JMBNY (NCVY) rUMS 23
UASXCINCYI/ LM FUNS L3 3
DYBYC (NCVI /UM runs 2%
IF (NSYMeEWeV) GO TU 4oe PUNS 26
Jesum/ 2 Funs 27
0V 65 Uslede Funs 28
VU eey I3]eimM PUNS 29
12 3 [ ely=ilio]nm ruUnS 30
I3 8 [ o ( UM ay)e(M Funs 31
ZICtiAr=sLic(il) FUnS J2 ot
405 DEN(1J)30ENCTZ) Fyns 33
446 TANMUS] JU/SUNT LAMA®®2=] . 0)) Funs 30
ACH 3 (GMA=],0)oAMA/ (2,utAee oSN (AMASEZe] ,0) *RNHY) *UY Funs 35
IFINGTYPR (NCY) .eGe L) GU V7)Y tuns 36 ]
IUs[M=] FUNS 37 ’
ALAGSUX/ (U/BE A (NCY) ) Funs 38 ]
VU 1% JaleuM FUns 39 ‘
00 le [us).iu Funs 40
Iz[Mel=lV FUMS 'Y}
Naj Funs 2
SuMRy, FuUnSs 3
U 13 IL=2sl Funs . ]
NaNe | Funs (1]
R = ([«N)®XLAG FUNS (73
B = Q. FUNS .7
[F(R,GTad0s) GU TU L& Fums .8
¥ 3 [JQ/RAP(R) FUNS .9
12 CUNTIMUE FUNS S0
13 SUM 8 SUMeZ [CiNe(JU=]l)®[M )o(],=) FUns S]
1s L1CCLetJ=]) ®IM) aSumeUR Funs 92
ZIC (1o lJu=1) 1M} = g, runs 3
1S CONTLIWUE ruUnS 9
11 UV 6 nelsju FunS 55
RS 8K runs 1.
OYCHBUX® TANMU/FLUAL (RS) FUnsS 97
DYNSUYCH/DY FunS °8
IFIOYR oLTe VeD) WO fu 7 RS 59
6 CUNT [NUE FURS 60
7T SCLai.*UTR Funs ol
VYNZEL SUYH Funs e
ACHSACHPUYW ruUnS (¥
SCHE| sD=UYN Funs o6
VU ] usieum FUnS oY
DEMCLe(J=l)®lM) = y, runs 66 i
CrLtJvl) =0, ) PUNS o7 -
1 Crmtyellag, Funs 68
CHLwWALSU. FUnS 69 1
CrnwaLSU o FUNS 10
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Figure 29 shows the Subroutine GAINXY flow chart. Either small signal gain
(along one stream tube) or full-fieid-loaded gain is selected. From input

DU 2uy [3¢gs (M
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VU 2140 JsSleuM

14 a Jelu=l)oinm
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CUMBUTE STRENGTH UF CHARALIENISTIC waAvedS

UU Loy Kalead

DU 99 JBleIM

LEFT NMUNNING WAVE

JLaJge]

IF(J «NEs 1) GU TV ¢V

EATRAPOLATE Fum nEAT WELEASEUY UDE BUUNUARY RPUINT
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SUBROUTINE GAINXY

a. Purpose =~- GAINXY controls the gain calculations in the cavity.
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cavity conditions (including vibrational temperatures of the constituents at
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nozzle exit plane), all other thermodynamic parameters, energy levels,

broadened line-width function, gain, optical cross section, and saturation
g intensity at a single point are given. Subroutine KINET is called to inte- .
grate the rate equations along the X-direction (streamtube). This is done -
only once for small signal gain. When loaded gain is selected the entire

field is calculated and gain is updated by local intensity one step in the Z

(propagaticn) direction. The loaded gain is hence a numerical (small step-

b
t‘ wise integrated) process. This updated gain and intensity field is used to

. S0Q.

The single stream tube small signal gain is used in subroutine SIMPGG %
which computes a closed form solution of the full field loaded gain.

Subroutine MIX is called by subroutine GAINXY to calculate the transi-

tion rates.

A ratio technique is employved to effect calculation of the gain field
for 9.27 ulasing. This is triggered by GFACT = 1 for 10.60 u; GFACT = 1 for
9.27 u.

b. Relevant formalism -- The option for small signal gain only or
full-field loaded numerical gain is determined by IFIELD = 1 for small signed

gain and IFIELD = 1 for numerical gain.

For small signal gain only, the gain is computed first at the nozzle
exit plane and then computed along the flow direction by integrating the

rate equations in subroutine KINET,

The particular initial thermodynamic conditions, rotational J values
(P or R branch), and initial vibrational temperatures are brought in through

common/CAV2/. Then, for a particular vibration-rotation transition, the gain

coefficient is given by:
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Subroutine GAINXY flow chart.
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Where,

h = Planck's constant = 6.625 x 107> erg

M = Mass of CO, molecule = 44 x 1.66 x 1072 g

K = Boltzmann's constant = 1,38 x 1071° erg/K
J+ 1 forJ' =J + 1 (P-branch)

SJ =

J for J' = J - 1 (R-branch)

F, = 1+D ,m where M = - (J+1) P-branch

J v,V
M= J R-branch
w' Vibrational matrix element for transition
$ = lineshape factor
2
= e- erfc (%)
La a_ = pressure-broadened half-width
= p P
= (In 2) ,
ad, ay = Doppler-broadened half-width
n — —
clp = xi vl-CO 01 co
2TC  SPECIES 2 2
1.
vy (ZKT an) :
a, =
d C M
n = total gas number density

¢ = speed of light = 3 x 1010 cm/s

x; ® mole fraction of the ith species

Vi_co. = Mean velocity between CO, and ith species
-Co,, 2

Mi-COZ = reduced mass of 1-C02 pair

ai-CO2 = optical broadening cross-section

Vo = frequency of transition (v,j) - (v', j")
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\ _ o 2J+1 -J(J+1 (v)
Ny = Nva =N, Q V) ¢ TKT ot

rot

-(105)

where,

(v _ _T
Q rot ZG(V)
Tot

R
v KT

T

v -3 /T
A NoooSXP ( ev/ v)

9, = Characteristic temperature of state
Tv = Vibrational temperature of state

The saturation intensity is calculated:
I = - (106)

where,
hv = photon energy
B = lower laser level relaxation rate

o = optical cross-section of the transition

Where Rc2 is the EOVO transition rate ~ (1/s), all the initial energies

of the vibration levels are comnuted hefore entering subroutine KINET.

Xeo. *2349
1 =
EOOV hc*2349

€ =%, !

-




Xeo. *2349

EVOOI

hc*1388
E-K_T_l-_'l

N2*2331
Rev233T _ (107
KTXy,

and XNz are mole fractions of CO

EN2I =

Where X and T1, T2, T
co

2 and V2, \2

2

are vibrational temperatures. These vibrational temperatures and levels are
shown schematically in Figure 30.

Gain is computed as a function of x by calling "KINET."

When the loaded numerical gain option is triggered (IFIELD) # 1), the
full field (in X and Y) gain is calculated in KINET as a function of previous
intensities and the field is updated when returned to GAINXY by propagating
each local intensity through a 4Z, with local gain GAN(I). The gain is thus

recomputed for each polint G(J) = eG(J)' Az,

Argument List
XIC intensity array of propagation field
GAN gain array of propagation field

NCV cavity indicator

IFIELD trigger for small signal gain (= 1) for full field
. loaded gain (# 1)

Commons Modified

/START/
TSI static temperature (K)
pPSI static pressure (atm)
VI gas velocity (cm/s)
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EOOVI Initial Energy (OOV level)

EQOVOI Initial Energy (OVO level)
EN2I Initial Energy NZ vibrational level ‘
GAINI INITIAL GAIN . ‘
/PROPT/
4 TS static temperature (K)
x}' PS static pressure (atm)
T' v gas velocity (cm/s)
: RHO gas density (g/cmz)
RHON number density (cm's)
CP specific heat @ constant pressure
GAMMA ratio of specific heats
R gas constant of mixture
} B (In 2) (3.78 x 10°) -
XLAMB wavelength (A) ,
HNU energy of photon of wavelength XLAMB
CPRM parameter to get Doppler broadened line width
ratio ’
/MOLES/
XN2 mole fraction (NZ)
XCo2 mole fraction (COZ)
XH20 mole fraction (HZO)
xco mole fraction (CO)
X02 mole fraction (02)
é JRATE/ ]
| RSTIM stimulated transition rate (5-1)
! /FACTOR/ -
MW molecular weight of gas mixture
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AG Avogadro's number
GCON gain correction factor
ROTUP upper rotational level (K)
ROTLO lower rotational level (K)
RCORR correction factor for optical x-section
b C speed of light (em/s)
<]
SUBROUTINE GAINXY 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBROUT IE GAINRY (XICeGANsnNCV s [FLELL) WALNAY 2
C NUMER LCAL GAIN ROUTINE GALINAY 3
c IniS wQUIINE CALCULATES: L. SMALL SILUNAL GALIN FOR USE IN SIMPULO GAINXY .
c Ce NUMERLICAL LOAVED GAIN QA LNAY S
c 0008290850000 00000 A lNlY [
¢ IFIELD & | PuW SMALL SiGeAL GAIN ONLY GALNAY 7
C (1222 rrI2 e LYY L} QAIN" s
LEVEL 29 X[CeGANSXC GAINAY 9
CUMMUN/START/ZTS[oPSLoVIeEOUVIIEUVUIsnvUULsENZIsLALN] VALNKY 10
CUMMUN /OFACTR/ GFACT () LrOPL 13
CUMMUN/PHOPT /TS eHSeVeRMQermnUNICP yGAMMA s R s 9 AL AMB o fNU ¢ CPRM GAINKY 11
. CUMMUN/MULES/ A s ACUZ s AMZU s ALU 9 ALZ GAINRY 12 .
. CUMMON/ZENERG/ENE L QUVsEUVU s VUV GALNRY 13 :
. CUMMON/RATE/HNG ¢y RC 3o RC2 9 RPUMP o LEYL GAINRY e
3 CUMMON/FACTIEN/ AMn s AG GCUNINUTUP s HUTLUIRCURK «C GAINRY 1%-]
CUMMUN/CAVR/ACID) o YC (D) 9 ZC 1DI aNALD) oY (S) sNS(5) ¢ AMC (D) s YMC (D) o OAINXY 16
2 NGTYP(20) s SSOAINC(L90e3) +SAINID) suETAID) «RHOS (D) s GAINRY 17
3 VEL (D) s0AM(S) o AMACHIS) o TVL (D) s TVRID) o TVI(O) o TYNZIS) o TSCAVIS) GALNXY 18
4 PSCAV(S) oPBCH (D) sFNEIS) oFLUEZ D) sFHEULY) oFCU D) oFU2(D) GAINKY 19
S TITLE(2U) sAVE{9) oNSTYM GALNRY r{]
OIMENSION XICH L1 ) osGANG | ) GALNXY 21
CALL CPUTIM(ISRT) VALNKY 22
TOI=TSCAVINCY) GAINRY 23
wlLPACT=]. LROP) le
IF (GFACTeNEale) WLFACT 3 1046/9.27 LRUP) 15
c....0...0000.0'.0.00..'.00..0..... UAIN" 26
SLUPIN = 2,15 GALINRY 25
C ® 0 @ a o4 o4 00 oy oy, 0y o, 0y anL 9,0 8y 85 of 5 o4 04 95 S, oy GAINKY 26
PS[EPSCAV (NCY) GAINXY 27
visvelL (NCY) LAINRY <8
PUaPCH(NCY) GAINRY 29
ANCBFNZ (NCY) GAINRY 30
ACU28FCULINCY) GALNRY 3l !
AM2USFH20 INCY) GALNRY 3R -
XCQ=FCO (NCV) GALNRY a3
AUCSFU2(NCY) GALNRY 36
i 11 sfvl(NCY) GALINRY as
! T2 sTv2(NCY) GALNRY 3o
' T3 sIv3(NCY) GALINAY a7
TNZBTVYNR (NCV) GALNAY hT']
; 19 = 1S} GAINXY 39
! »S = S| GALNKY b
! v = vl GAINXY sl
| RO & 8,317€/ GALINKY .2
C 6FACT MOUEFIES GAIN LROPY 16
GCON 8 ,J9]E>jeoPEouyFACT INCY) LHUP} 1%
! RUTUS & (PHe=],)orye,a9e GALNKY .
RUTLY s PFRe(PHs |, %30} GALNKY .5
AG = 6.023EZ4 GAINRY (1]
AN = XNZeaACU GAINAY %4
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sz W

1
AMW 8 2800 10%ANL 644 ULL®XLUC* LB ULOPAN20¢3L,0OX02 GAINAY L 1]
AVEF ACR2V 939 LHUPY i8
1 IF (GFACTentels) AUCFACEL1B,9¢0 LRUP) 19
HCURKR B J60%9® ANEZ 79U (L1 o1e/7¢dentS) ¢ RCUL * «298%ANEYU/ GAINRY 9
A SURTI12e783722,0U9) *e000PAUL/5URT (AULFAC/E2400S) LRUPL 20
SloMa = J3.E-1Y GA[NAY 9}
WCURR 3 SIUMAPRCUKK® .19k =/ GAINRY 92
C & 3Jokiv GAINRY LX)
B 3 +09319%0,043/d8en VALNAY 2e
" 3 0e02DEw¢? GALNAY 99
X ALAME 3 Lle4d9/7(138Uc? (PH=],) *PYO,350=ry® (P |,)®.%61) GALINAY 26
3 Ny 3 HOC/ i LAMY VA [NAY o7
1 CPrM 3 RCORKROCOXLAMH/SURIT () GAFNRY o8
* R = RO/XMw OALNKY 99
} GAMMA & (7.9 (ANZ*ACUCSAUL) ¢8¢®XMEU) / (9P IXNZ2*XCU2*X0L) 60 *ANLY) WA LNRY 60
¢ HMY 8 PS/R/TS®] 00360 GALNRY ()}
4 GAM (NCY ) SGAMMA GALNRY o2
) CAMACH (NCY) sV L/SURT (GAMMAOKR® |51 . GAINAY 03
r(‘ WMUS (NCV ) 3RM0 GAINRY [TY
. CALL ™I GAINRY 65
. SETAINCV) =kC2 GAINAY 66
RMUN 8 RHO/AME®AG VALNRY 67
CP s 3.5 O {AN2OACUL*ADL Yo/ [ o 2ANEY) GAINXY o8
EVOOVI = XCUCQ®R3609¢/ (EXP (] 43992369,/ 13)"ls) GALNAY 69
EUvOls  XCU291336 /(AP (1e039%667./12)=}0) GALINRY 10
EVUOL 3 XCOCPLI8Be/ (EXP(LleadY®1388/TL)=l0) QA LINXY 71
ENQL 3 XiN29233] o/ (EAP(L+639®2331e/TNE)=L0) GALNXY 12
AL 8 Lo/ le=ERP(=19974/T1)) GAINXY 13
G2 3 le/(1,=EAP(=96V0/T2)) 002 GAINXRY la
QI 8 Lo/l =EXP(=3380/TI)) GAINRY 5
X0U0 3 xCU2/(Q)eu2eYls) GALNRY 1Y
[ CALCULATE LINEwWiDTH GAINKY rr
APAD 3 CPRMeOKMQON GALINRY 14}
wOMM 2 ,83264APAU GALNRY 79
IF(WURMGT1Ue) LU TO a0 GALNRY 80
PR 3 EAP {RORN®E2) oL NFC { wUnM) GALNAY 4}
GO0 TY &l GAINAY a2
80 PRI 3 0.67766/7APAD GALNXY 83 .
41 CUNTINE ) GAINKY 8¢
TFACT = (See(«],S) GA [NXY as
GAIN 8 GCUN®IFACTORMUN®RUGUOPN]®( 55006 AP (~3380./ T3=HOTUP/TS) GAINRY 86
A «.5601%XP (21997 ,/T1l=ROTLU/TS)) GALNKY a7
[ QPTICAL CROSS SECTIUN GALNRY (1]
BI6SIG 3 GCUN®TFACT*PHICEAR (=HUTUP/ [S) *,956 GAINAY 89
[ SATURATIUN INTENSLTY OAINRY 99
SATININCY) sMNUORC2/8L6S16/ .07 GAINKY 91
IF (NGTYPINCV) 2040} SATIN(NCV)SSATININCY) ® SLUPLN GAINAY 9N
SATINI(NCY) s SATINI(NCV) ® wbFACT LHUP] el
NSTIM 3 040 GAINAY 93
GAIN] 2 GAIN GAINRY 9
TAMAXBNX (NCV) GALNAY 95
IYaNY INCV)/ (NSYMe]) GALINRY 96
DACAVSXC INCV) 71 AMAA GALINRY 97
c CALCUALTE GAIN AS A FUNCTIUN UF A GALNRY 998
] CALL KINET(XAICoGANG JAMAXsUACAVLF LELLSLY) GAINAY L)
i IF(IFLIELD (NEe L) GO TU Y8V GAINRY 1990
{ c INITIALIZE SMALL SIGNAL GALN GAINKY 101
) DQ 300 [ = lslamar GA LNRY 102
3 300. SSGAINC(IINCVY) BGANI(]) GAINXY 193
! 3 SATINRaSATININCY) /1000, GALNXY 1oe
W ITE(Oe100) GAMINCV) s AMACHINCY) s RHUS (NCY) sBETAINCY) o SATINK GAINXY 108
. 100 FORMAT (2/MURESULTS FHUM K inkT1CS DECK/IX9BHUAMMA 8 20G12.D044s i SHMA GAINXY 106
i ACHM  NUMBER 8 0G12eSe@XolUmUENSITY 3 40l2:9¢8X9THHETA & 40125 QALNRY 107
! X SRsdNSATIN 3 oGldeD//7/787800 (L8N ANV @0 {ANEP) )} ) QA INRY 1ve
DU Lul Is)elamax GALINXY 109
{ GA(I o[ XMAX) S Y0« ®SSUGAINL]WNCY) QAINRY 110
101 GANCG | )mige®l=])®ACAV/2. GANRY 111
WHEITE(O9LUE) (GANT | ) oUANIISLAMAR) yLm) g laMAX) GALNAY 11
! ’ LU TV 98¢ GALNRY 13
1U2 FURMAT (0B (SR 8FY¢3/)) GALNXY ile




c CALCULATE LOAUEY GAIN GALNAY 1ls

980 DELTALRIC(NCV)/NSINCY) /2, GALINRY L16
MYl s [XMAX®LY GASNRY 117
U0 98} Js|emyrl GAINRY 118

981 GAN( J )SEXPIGANL ¢ )®UELIALQ) GAINKY 119

Y82 RETURN GALNRY 1ev -
END GALNAY 121

15. SUBROUTINE GDL

a. Purpose -- Subroutine GDL is the main driver program for resonator
and optical train calculations. It is here that the information about each
resonator element is stored, as well as the order in which they are applied
to the beam. Figure 31 shows the Subroutine GDL organization.

b. Formalism -- Subroutine GDL controls the iterative procedure of
starting with a given field established in the main program (SOQ) and propa-
gates this field through the resonator. Eventually, the mode which loses the
least power (in the case of a bare resonator) or gains the most power (in the
case of a loaded resonator) will predominate since the other modes will be
suppressed due to relative power loss. For the degenerate case when two or
more modes are competing for the status of lowest loss mode, the field will
usually fail to converge to a single mode shape, since there is no unique
mode for that eigenvalue.

¢. Fortran -- To accomplish the above, GDL contains several fundamental
arrays. One is the singly dimensioned CU array in which the field is stored.
For a given point (x(I), x(J)) the field value is stored in the complex loca-
tion.
CU (I + (J-1) * NPTS)

Common /MELT/ contains CU as well as the work array CFIL, the coordinate
array x, the location of the optical axis (DRX and DRY), and the iteration
number NITER. This common is shared by most of the routines in the deck. The
other major arrays are the ABC array, the IGDL array, and the GNOT array.
During the first iteration of a particular run, GDL reads input from unit IN
in the form of namelists and titles. The order of resonator elements to be
met by the beam is controlled by the order in which the SCONTRL cards are
read. These contain the IFLOW parameters which designate specific elements,
as follows:
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NAMELIST/CONTROL/IFLOW, SNOTE, IPLOTS

IFLOW CONTROLS THE FLOW OF CALCULATIONS THROUGH GDL

= 1 CAVITY ELEMENT, READS CAVTY1l, CAVTY2.
(from CAVITY)

|
3 ! = 2 MIRROR ELEMENT, READS MIROR
; = 3 VAMP ELEMENT, READS PROPGT

g = 4 APERTURE ELEMENT, READS APTUR
: = 5 THERMAL BLOOMING, READS BLOOM
= 6 INTERPOLATE FIELD OVER SMALLER AREA, READS CUTOUT *
= 7 TEST FOR CONVERGENCE OF ITERATION, NO INPUT ;
= 8 PLOT FIELD DISTRIBUTION, READS TITLE
= 9 RETURN CONTROL TO CALLING PROGRAM, NO INPUT ’
= 10 READ AND/OR WRITE CU ON DISK, READS DISKIT
= 11 AERQ WINDOW R.M,S. PHASE MODEL, NO INPUT

= 12 SCALING ROUTINE . . .MULTIPLIES ENTIRE FIELD,
READS MULT

= 13 FLIPS THE FIELD ABOUT THE y-AXIS, NO INPUT

= 14 SINUSOIDAL DENSITY VARIATIONS, READS SINDEN
= 15 REGRIDS FIELD TO LARGER SIZE, READS REGRID

= 16 CU PUNCHED ON CARDS, NO INPUT

= 17 MIRROR THERMAL BL MODEL, READS THRML

= 18 SPIDER ROUTINE, READS SPIDR

2 19 AXION ROUTINE, READS AXICON
= 20 PROPAGATE IN R-THETA SPACE, READS RPROP

= 21 REMOVES OR ADDS BACK BEAM CENTER, READS CENTER
= 22 FLIPS THE BEAM ABOUT THE x-AXIS, NO INPUT

IPLOTS is the printer plot selector. IPLOTS=ABCDE, where A=l selects R-theta
plots, B=]l selects iso-intensity plot, Cal selects x-axis plot, D=1 selects
diagonal plot, and E=1 selects y-axis plot: example, IPLOTS = 1001 selects

i. us i




iso-intensity and y-axis plots in x-y coordinates. The order of IFLOW numbers
for a given resonator is then stored in the IGDL array for future iterations.

In the same manner the associated titles are stored in the GNOT arrav.

Usually for a given IFLOW there is another associated namelist contain-
ing relevant element parameters. Once read in, these numbers are stored in
ABC (I,J,K) where I indicates the parameter for the J the element of tvpe K.
The number (J) of the element is stored in common ZIP, which is equivalenced
to the ICAVZ array. At the beginning of each iteration most of ICAVZ is
filled with zeros so that the center index of the ABC array is correctly
identified. At the end of each iteration, the current field is compared with
that of the previous iteration in two ways: (1) the cutout and interpolated
feedback field is compared and (2) the full field just before the hole-coup-
ling mirror is compared. When the differences between two consecutive itera-
tions fall within ziven tolerances (10% for the feedback field, 2% for the
hole-coupler field and 0.7% for the power at the output of the resonator),
the field is said to have converged, i.e., the lowest loss mode has been
selected. A more detailed description of the meaning of each IFLOW, its func-

tion, and its associated namelist, if any, follows:

IFLOW = 1 {GDL. 422-+GDL.446)

A GDL cavity is applied to the field. NEWCAV is calculated to see if the

beam has been in the cavity before. The namelist used in CAVTY1.
CALLS CAVITY.
NAMELIST/CAVTY1/NCAVNO, ILR, NSTE, NPLT, ZPROP1, ZPROPO
NCAVNO IS THE NUMBER ASSIGNED TO CAVITY FOR IDENTIFICATION
ILR INDICATES DIRECTION OF FIELD THROUGH CAVITY
= -1 RIGHT TO LEFT
=  +1 LEFT TO RIGHT

NSTE CONTROLS TYPE OF VAMP CODE BETWEEN SEGMENTS

1 CONSTANT MESH WITH SETUP

2 VARIABLE MESH WITH SETUP (EXITS VAMP AT END OF
ELEMENT)

3 VARIABLE MESH WITH SETUP (REMAINS IN VAMP)
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: 4 USE EXISTING PROPAGATING MATRIX (EXITS VAMP)

1]

5 USE EXISTING PROPAGATING MATRIX (REMAINS IN VAMP)

NPLT CONTROLS INTERMEDIATE PRINTOUT FOR CAVITY

0 NO PRINTOUT

= 1 PRINT FIELD BEFQRE AND AFTER GAIN, AND GAIN COEFFICIENT
ZPROPI IS PROPAGATION DISTANCE FROM PREVIOUS OPTICAL ELEMENT TQ CAVITY.
ZPROPO IS PROPAGATION DISTANCE FROM CAVITY TO NEXT OPTICAL ELEMENT
IFLOW = 2 (GDL.527+GDL.558)

Here the parameters necessary for application of a mirror are set up.
The namelist read is MIRCR. CALLS MIRROR

NAMELIST/MIROR/ANGXX, ANGYY, RADC, DIAOUT, DIAIN, XMPOS, YMPOS, RMIR,
X DELIA, DISTF, DDUTY, DINY, RANULS, PHIAST

ANGXX IS TILT IN x-DIRECTION - RADIANS (WRT OPT. AXIS)

ANGYY IS TILT IN y-DIRECTION ~ RADIANS (WRT OPT. AXIS)
RADC IS RADIUS OF CURVATURE OF SPHERICAL MIRROR

DIAQUT IS OUTSIDE DIAMETER OF MIRROR

DIAIN IS INSIDE DIAMETER OF MIRROR

XMPOS IS X-DISPLACEMENT OF MIRROR FROM OPTICAL AXIS

YMPOS IS Y-DISPLACEMENT OF MIRROR FROM OPTICAL AXIS

RMIR IS REFLECTIVITY OF MIRROR

DELTA IS CENTER-TO-EDGE DISTORTION FACTOR (CM)

DISTF IS MIRROR DISTORTION FACTOR (DEFLECTION=DISTF*I*
) (1.0-RMIR))
e RANULS IS OUTSIDE RADIUS OF ANNULAR BEAM (IF APPLICABLE)

i DOUTY FLAGS THE TYPE OF APERTURE APPLIED -

.EQ. 0 - CIRCULAR APERTURE DEFINED AS ABOVE

.NE. 0 - RECTANGULAR APERTURE, DIAOUT HIGH (X) BY
. DOUTY WIDE (Y)
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DINY IS SIMILAR TO DDUTY FOR INSIDE DIMENSIONS
PHIAST IS THE ANGLE OF INCIDENCE OF THE BEAM IN DEGREES
IFLOW = 3 {GDL.578+GDL.612)

For this IFLOW, a propagation step is applied. Relevant parameters are
found in namelist PRCPGT. CALLS STEP.

NAMELIST/PROPGT/DELZ, RDCURV, WINDOX, WINDOK, IIFG, IITR, IIPS
DELZ IS PROPAGATION DISTANCE
. RDCURV IS RADIUS OF CURVATURE OF PHASE FRONT
IF (ABS (RDCURV) .LT.0.5) USE RADCUR OF PREVIOUS
MIRROR
WINDOX IS X-SPACE DATA WINDOW FOR FFT
WINDOK IS K-SPACE DATA WINDOW FOR FFT

IIFG IS A VAMP CONTROL PARAMETER

1 FOR CONSTANT MESH

2 FOR VARIABLE MESH

[ITR IS ANOTHER VAMP CONTROL PARAMETER
= 0 NO INVERSE TRANSFORM
= 1 INVERSE TRANSFORM BACK TO REAL SPACE
IIPS IS FOR CORRECTION OF PLANE AND SPHERICAL PHASE
FRONTS
= 0 NO CORRECTION
= 1 PLANAR CORRECTION ONLY
= 2 QUADRATIC CORRECTION ONLY (NOT OPERATIONAL)
= 3 BOTH
! IFLOW = 4 (GDL.613+GDL.631)

Here an aperture is applied. IF DOUT and DIN are both less than O,
SLIVER is called. If both are greater than or equal to zero, APRTR is called.
The relevant namelist is APTUR.
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NAMELIST/APTUR/DOUT, DIN, XPOS, YPOS, YOUT, YIN

DOUT IS OUTSIDE DIAMETER OF APERTURE

DIN IS INSIDE DIAMETER OF APERTURE

XPOS IS x-DISPLACEMENT OF APERTURE FROM OPTICAL AXIS ]
YPOS IS y-DISPLACEMENT OF APERTURE FROM OPTICAL AXIS ;

YOUT FLAGS THE TYPE OF APERTURE APPLIED -
.EQ.0 - CIRCULAR APERTURE DEFINED AS ABOVE

.NE.O - RECTANGULAR APERTURE, DOUT HIGH (X) BY
YOUT WIDE (Y)

YIN IS SIMILAR TO YOUT FOR INSIDE DIMENSIONS
IFLOW = 5 (GDL.632~GDL.652)

Thermal Blooming is applied to the complex field, BLOOM is read in and
subroutine TRLAM is called.

NAMELIST/BLOOM/ALFA, SCP, T, RHO, ZLEN, NSTEPS, INPT, NPROP, AXIAL, DT

AFLA = MEDIUM ABSORPTION COEFFICIENT, cM™!
ScP = MEDIUM SPECIFIC HEAT, J/GM-DEG K
T = MEDIUM TEMPERATURE, DEG K
RHO = MEDIUM DENSITY, GM/CM3 (OR TRANSVERSE VEL.
IF .GT.1.) ~
ZLEN = MEDIUM THICKNESS ALONG OPTICAL AXIS
NPROP = PROPAGATION PARAMETER. . .SAME AS NSTE IN ;
CAVITY !
NSTEPS =  NUMBER OF ELEMENTS IN SUBSYSTEM, .GE. 1 i
INPT = .NE.O FOR INTERMEDIATE FIELD PLOTS |
AXTAL = AXIAL VELOCITY (CM/SEC) IF .GT. 0, USES ;
AXIAL BLOOMING
i
DT = BEAM ON TIME FOR THERMAL BOUNDARY LAYER ;
GROWTH IN TRANSIENT BLOOMING CALCS. IF
DT.GT.0 USES TRANSIENT BLOOMING
IFLOW = 6 (GDL. 653+GDL. 779) T
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For this option the field can be cut out and interpolated from one

region size to another. The number of points is not changed. If CUSMF is not
equal to zero, the field-averaged feedback field is stored on unit 8 and the
convergence checks are made on the feedback field and the pre-HCM field which
is stored on unit 7 temporarily. The field for the bare-resonator is renor-
malized at this point to unit maximum intensity. Namelist CUTOUT has the

information for the new region in it as well as other parameters.
JAMELIST/CUTOUT/DIBEAM, OVRLAP, DXXR, DYYR, MAXIT, AVCUSM, CUSMF
CUSMF = 1. FOR NORMAL LOADED RESONATOR CUTOUT

CUSMF = 0. AVOIDS WRITING FIELD ON 8 AND AVOIDS NORMALIZ-
ING FIELD, CHANGES TO THE NEW COORDINATES,
THEN RETURNS.

DIBEAM IS THE DIAMETER OF BEAM FOR NEXT ITERATION

OVRLAP IS DCALC = OVRLAP*DIBEAM
DXXR IS POSITION OF ITERATIVE BEAM REL. TO CPTICAL AXIS

DYYR IS THE SAME

MAXIT IS THE MAXIMUM NUMBER OF ITERATIONS

AVCUSM AVERAGES PREVIOUS AND NEXT ITERATION GUESS IN THE

HOPE OF RAPID CONVERGENCE.,.=0 NO AVE, = .5 HALF AND HALF
IFLOW = 7 (GDL.795~GDL. 842)

There is no namelist associated with this option. The convergence check
on the power is made here. If the solution has not yet converged, the gain/
phase information is updated by a call to REGAIN, then the resonator is re-
started for the next pass.

IFLOW = 8 (GDL.500-GDL.513)

If the parameter plot is non-zero in namelist START in SOQ, this IFLOW
#ill generate printer plots by a call to IPLOT. Namelist PLOT is read.

NAMELIST/PLOT/TITLE RADPLT
TITLE IDENTIFIES THE POSITION OF EACH STATION PLOTTED
RADPLT CONTROLS THE TYPE OF PLOT

= 0.0 FOR X,Y PLOTTING (X-AXIS, Y-AXIS, DIAGONAL)
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= 1.0 FOR RADIAL PLOTTING AT VARIOUS THETAS

IFLOW = 9

This IFLOW only results in the return to the main program, SOQ.
IFLOW = 10 (GDL.447~GDL.475)

This option allows the field to be read in from or read to a specific

F unit in standard SOQ format. It calls no peripheral subroutines and reads the
V unit designation from namelist DISKIT.

g NAMELIST/DISKIT/IREAD, IWRITE, IORD, IADD
IREAD IS THE DISK # TO BE READ OFF/ON... [IF=0...DON'T
READ

IWRITE IS THE DISK # TO BE WRITTEN ON... =0...DON'T WRITE
IORD IS THE ORDER = 1, READ FIRST
=-1, WRITE FIRST

IADD = 1 UPDATES IWRITE BY 1 FOR SUCCESSIVE ITERATIONS
IFLOW = 11 (GDL.476~GDL.482)

This option applies an aerodynamic window to the complex field. It reads

no namelist and calls AEROW to perform the calculation.
IFLOW = 12 (GDL.4835+GDL.499)

The field can be scaled using this option. At the same time the x array

can also be magnified. No subroutines are called and MULT is read.
NAMELIST/MULT/TRANS, XMAG
TRANS IS TRANSMISSION QOF ELEMENT

XMAG IS MAGNIFICATION FACTOR FORP THE X-ARRAY

IFLOW = 13 (GDL.S514+GDL.526)

P This option flips the field about its y-axis. No namelists are read
| and no subroutine called.

IFLOW = 14 (GDL.408+GDL.421)

123

_.__:_i_LL___ -




I T T T ~ T

This option irposes a sinusoidal density (phase) variation to the exist-
ing complex field. It calls no subroutines, but it reads SINDEN for informa-
tion on the sine wave.

NAMELIST/SINDEN/NBEAM, AWL
NBEAM IS THE NUMBER OF CYCLES PER X-CALCULATED REGION
AWL IS THE AMP/WL OF THE SINUSOIDAL VARIATIONS

IFLOW = 15 (GDL. 780-+GDL. 793)

The field can have superimposed on it a different number of mesh points.
The spacing between two adjacent points does not change unless RGRD is called.
Just the number of points in the mesh changes. If the number of points is
increased, RGRD adds zeros to the outside of the existing region. This option
reads namelist REGRID

NAMELIST/REGRID/NGRD
NGRD IS NO. OF FIELD POINTS ACROSS REGRIDDED DCAL
IFLOW = 16 (GDL. 390~GDL.406)

In this IFLOW, no subroutine is called and no input is read. The field

and coordinates are written format to TAPE 4 in cards to be punched.
[FLOW = 17 (GDL.559+GDL.557)

Quiescent thermal gradients are imposed by this option. Namelist THRML
is read and subroutine THERML is called.

NAMELIST/THRML/ALPHAM, CONMIR, ALPHAG, RHOGAS, TAU, TIN, REFMIR, CONGAS
THRML IS THE NAMELIST FOR BOUNDARY LAYER THERMAL LENS
CALCULATIONS
ALPHAM = MIRROR DIFFUSIVITY (CM2/SEC)

CONMIR = MIRROR THERMAL CONDUCTIVITY (WATTS/CM-SEC)

ALPHAG = THERMAL DIFFUSIVITY OF GAS HEATED BY MIRROR
(CM2/SEC)

124




CONGAS

RHOGAS
TAU
TIN

REFMIR

= THERMAL CONDUCTIVITY OF GAS HEATED BY MIRROR
(WATT/CM-SEC)

= DENSITY OF GAS HEATED BY MIRROR (GM/CC)

= BEAM ON TIME FOR BOUNDARY LAYER GROWTH (SEC)

= INITIAL TEMPERATURE OF GAS & MIRROR (DEG K)

= MIRROR REFLECTIVITY (OBTAINED FROM MIRROR

INPUT)

THERMAL MAY BE APPLIED AFTER ANY MIRROR TO ALTER THE GAIN-
PHASE DUE TO HEATING OF THE QUIESCENT BOUNDARY LAYER
ADJACENT TO THE MIRROR SURFACE.

IFLOW = 18

With IFLOW = 18, a spider obscuration can be applied. Subroutine SPIDE®

(GDL.378-GDL. 389)

is called using the information read in with namelist SPIPPR,

NAMELIST/SPIDR/NSPD, WIDTH, THETA, XSPC, YSPC, DIH

NSPD
WIDTH
THETA
XSPC
YSPC
DIH

[FLOW = 19

This option allows for the application of an axicon. Subroutine AXICY

= NUMBER OF STRUTS IN SPIDER (MAX=6)

WIDTH OF SPOKES IN SPIDER

ANGLE OF INDIVIDUAL SPOKES OF SPIDER

Xx-LOCATION OF CENTER OF SPIDER

y-LOCATION OF CENTER OF SPIDER

HUB DIAMETER

(GDL. 366+GDL.377)

is called after namelist AXICON is read.

NAMELIST/AXICON/CAPR, EXPAND, ROC, DISP, TILT

CAPR IS THE OUTSIDE RADIUS OF THE ANNULAR EXTRACTION BEAM.

(EXPAND.EQ. .TRUE.) MEANS THE BEAM IS GOING FROM CIRCULAR
TO ANNULAR IN CROSS-SECTION

ROC

= RADIUS OF CURVATURE OF THE FIELD IN PHYSICAL
SPACE
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DISP = DISPLACEMENT OF AXICON FROM CENTER ALONG

X-AXIS
TILT = ANGLE (RADIANS) OF AXICON TILT FROM DIRECTION
OF PROP.
IFLOW = 20 (GDL. 347-GDL. 365)

This option propagates an unrolled annulus. After reading in namelist
RPROP, it then calls subroutines RSTEP to perform the propagation and POWR
to determine the power after propagation.

NAMELIST/RPROP/DELZR, DELZTH, WINDOX, WINDOK

DELZTH IS PROPAGATION DISTANCE FOR THE RADIAL COORDINATE
DELZTH IS PROPAGATION DISTANCE FOR THE ANGULAR COORDINATE
***(DELZR .NE. DELZTH) MEANS YOU ARE MAKING AN
EQUIVALENT COLLIMATED BEAM PROPAGATION STEP

IN R-THETA COORDINATES***

WINDOX IS X-SPACE DATA WINDOW FOR FIT
WINDOK IS K-SPACE DATA WINDOW FOR FFT
IFLOW = 21 (GDL. 329+GDL. 346)

This option allows for the removal of the center of the beam which is
then stored on unit 20, or it can allow for the addition of a field read from
unit 20 modified by a phase change. This work is all done in subroutine

FIELDS using the information read in from namelist CENTER

NAMELIST/CENTER/DSM, REMOVE, PMIARB

DSM IS THE DIAMETER TO BE REMOVED AND LATER ADDED TO THE
MAIN BEAM

REMOVE FLAGS THE ACTION
.TRUE. IF THE CENTER PORTICN OF THE BEAM IS TO BE REMOVED

.FALSE. IF THE REMOVED PORTION IS TO BE ADDED BACK TO THE
BEAM

PHIARB IS AN ARBITRARY PHASE CHANGE ADDED TO THE CENTRAL
PORTION
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IFLOW = 22 (S0Q77CY1.169+S0077CY1.181)

This option flips the field about the x-axis. No input is required and
no subroutines are called.

Argument List

IN - INPUT UNIT FOR RESONATOR DATA
RESTRT - NEW OR OLD RESONATOR?

{ ABC - PARAMETER ARRAY
NITER - CURRENT ITERATION

\ IB - INPUT UNIT # OF OLD FIELD

IFLAG -= 1 TRANSFERS TO OLD ENTRY POINT - READS FIELD FROM IB/
CONTINUES. '

ABC and NITER can be redefined by this subroutine. |

Common Variables Modified:

The common variable not modified by GDL are:

:
WL, NPTS, NPY, RADCUR, WNOW and NREG. Note that NBC is modified by its |
equivalence with IGDL and IDIR. |

SUBROUTINE GDL 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBRUUTINE GuL ( [NsHESTHT 9 ACenE TERs Lrse [FLAG) UL 2
[+ OPTICAL CALCULATIUNS HOUT LU wOUTENG wuL 3
[ 8Y MEANS UF THE [INMUT (MCUNTRL) THE USER INSTRUCTS THLS HUUTINE WU 'Y .
¢ TO QINECT TMe CALCULATION UF UPTLICAL LFFERCTS OF APERIURESs GUL L)
c MIMHUNSe CAVITIESe &TC, UL ]
C IFLAGS] TRANSFEMS TQ ULU AUTY EnINRY POINT LuL 14
c.0.0.0..0..0.'..000.00....0'00.0.0..'....0....O...O...O....'...'.'O..Oc GDL 8
< IN IS UNIT CUNTAINING INPUT VATA PUR CUNFLGURATIUN GUL 9
4 RESTRI IS CONTHUL Fud RESTAR ING CALCULATIONS FRUM PHEYIUUS RUN oL v
. . c 8 JThute LF RESTANTING LU 11
i [ 2 JFALdE. [F wOT UL 12
‘ C.0O000000.'000..0.00000'00..0.0.0'00.'.0000"00.0.0..OOOOOOQQQQOQQQQOQC UL 13
[ obL le
; LEVEL 29 CUsCFILEICFFL UL 19
CUMMUN/MEL T/CULL10386) oCFILI16912) oA L 12H) +WLINPTSeNPY IUNR oUNY ouL 1Y}
’ COMMON/MRPROP /RAUCUR » ANGK 9 ANGY GUL [%4
) COMMON/ wAY /7 aNUBoNREGIRAR TH GoL 18
COMMON/LLIP/ICAV o kMIHo ISTEP oNUSe [AF o IPTT o LTHANG [THRML s LAX ¢ [RS TPy WL 19
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A ICUToMLT s [ORe [TMe ICERINCT UL
COMMON /WAZ/ AMLT(30+2V0)¢ NBC(180) e SAVE(LD) GOL
b CUMMUN /INITL/ INT soL
VDIMENSIUN [DIR (4024} ¢ LGDL(99) +ABC(12940¢9) +CFFLIL16386) ¢ 1USK(409) 9 CLUFLA 1
l ATAY (202) s XK {128) s AUUMI L2W) omMORILO) o T[TLE (2U) vCFILELLIOIBG) 47 (128) GUL a6
RedlL1(12)92L0112) +ONOTE(20) +NUT (904201 ¢ THETA(O) ¢CPR(S) ¢ XPND(®) o CLUFLA e -
X DSMM(20) ouMV (20) o PHIALZU) sRCURVE (4) sDSP (8] TLT(4) e ICAVZ()E) GUL 26
DIMENSION [PLTS(50) UL 4
CUMPLEA CFFLoCFIL2sCUsCF ILICPUNTICFACTT CUOD 6oL 26
; LOGICAL INJTHRESTRTewny s EAPANDSAMNY ¢ REMOVE oMMV L a9
¢ EWQUIVALENCE (NBC (1) ofGUL (L)) o {NBCLL00)olUINHIL1)) ClUFLA 3
- EQUIVALENCE (CFILUL)sCFFLIL) I o (CFIL2TL)oCULL)) s (ICAVeICAVZ(L)) [TV a2
; DATA I[FLUWSTITLE /9920% /7 s IPLUYS 7 G / GUL 33
i DATA NCAVNU LLReNSTE sNPLT o LPRUPL o LPRUPY /Uslsls09e2%0e/ UL 36
DATA ANGAX s ANGYY sRAUCsUIAUUTIUIALNSAMPQS e YMPOS oMM IRIVELTASOLISTF GuL as
! x /0e0¢  Oele Uele Uels Oele Uels DoDo 1o0s 000 o 00/ GuL 3o
K OATA RANULSe OOUTY, OLNYs PHLAST Cl0ASTG 2
» X /UeQs 0009 0e09 0.0/ ClVASTG 3
4 OATA DELLe ROCURVe ®INUORewINUOK oL IFGei[THeIIPS UL 39
[ S X /700, 0400 Uels Oels be O o/ GUL L]
rs DATA DOUTsUINIAPUSoTPUSeYUUTYIN/ 6040/ SOAPR 16
P OATA ODIdEAMOVRLAPY OXXRe UYTNy MAXITy AVCUSM /620,00l00e0/ GUL LY
! DATA CUSMF/)le/ CYCLEY 2
, OATA HADPLT/Ve0/ 6oL 3
DATA ALFASSCPyToRMU LLENINSTEPS o INPT oNPRUP AR IAL/S%Ve00l0)e000.0/ OGUL s
- OATA LT 70,0/ GoL (1)
3 DATA IREADs I1WWITEs LURDs LAUU /0eUsls0/ GUL .6
. DATA [RANSe XMAG Zledsleus WL .7
b DATA NBEAMsAwlL /0+0Qe0/ eoL .8
X UATA NGRU /¢/ woL 9 )
DATA ALFHAMICUNMIN I ALPHAOsRMUGASs TAUs T [NoREFMIRs CUNGAS oL 20
AN A/7600,001¢00000/ (617 [ Sl
; DATA CAPRIEAPANUIRUC Z30e0eIMUELsUU/y DISPyTILI/UerUes/ UL 52
DATA VELZRe UELZTHs wINOUXe wiNUUK Got 53 -
3 X /Q0ele Oele Vel Vel/ oUL -1 }
- DATA OSM + NEMUVE + PrIAWE G0y °5
. X /70e0y oTHUEe o U0 / GuUL 56
DATA DIMeASPCoYSPCon[UTHeTHETAINSPD/ LV} 000,00090023012040 CURRE 6
X Veod®(q02/ CURRZ 7 -
NAMELLIST/ CUNTHRL 7/ IFLUweLNUTESIPLUTS WUt s?
c LUL L)
. C IFLOW CUNTWULS Tre FLUW UF CALCULATIUNS [MHOUGH GUL wuL »9
[ c = | CAVLITY ELEMENTy MzAUS CAVIY1eCAVIY2 ouL 00
c 3 ¢ MINHUR ELEMENTy WEAUD MINUW LuL ol
i, c 2 3 VAMP LLEMENGs REAUS PROPGT wub 82
4 c s o APENTUNE ELLMENT» WHEAUS arfun oL oJ
: c 3 5 THEWMAL BLOUMINGe HEAUS HLUUM wOL (1Y
{ c % 6 INTENPOLATE FIELLU UVER SMALLER AWEAs WREAUS CUTQUT buL (1
. C 3 7 TEST FUR CUNVERGENCE OF [TEWATIUNe NUO INBUYT UL (1]
}, [« 2 3 PLOT FLELD LISTHIBUILUNe REAUS FLTLE GuL 67 3
] c 2 9 HETURN CUNTRUL TU CALLING PHUGHAMs NO INPUIT wiL o8 =,
E C 8 L0 REAU ANU/OR whRlTE CU UN ULISKe READS LISALL o9
[ 8 11 AERU <¢INOQ# ReM.Se PHASE MUDELY NU INPUT GO 10
E [+ 3 12 SCALING ROUTINE.oeMULTIPLIES ENTIRE FIELD» REAUS MULT oL 14}
{ C s 13 FLIPS T FLELY ABUYT THE Y=AALlSe NO [NPUT oL 12
i ! [ % 16 SINUSOUIUAL VENSITY VARIATIUNSe READS SINUVEN GUL 13
F ] ¢ 3 19 REGRIUS FIELD 1V LARGER SIZEs READS MEGRIV GO Ts
‘ Cc s 10 CU PUNCMHED ON CARUSes NU LNPUT UL 9%
, c 8 17 MIRAUN TRENMAL bl MOUDELs WKEAUS THKML G0L Te
| c 2 18 SPIVEN RUUTINEs WEADS SPIDW GOL 144
] [ 2 19 AXICN RUUTINE, nEAUS ARICUN GUL 8
: o 8 2U PHOPAGATE IN R=TReTA SPACEs READS RPNUP oL 9
i c ® 21 REMOVES ON AQUS YACK BEAM CENTEN. WEADS CENTEN GUL 80
i C ® 22 FLIPS THE ODEAM ABOUT The A=AX[Se NU INPUT SUQ77CYL  16%
c GUL 8}
! [« IPLOTS IS THE PRINTER PLOT SELECTUN. IPLUTSSAMCDE wrEME As] SELECTS GUL 82
| c R=THETA PLUTSy Bs] SELECTS 15U INTENSITY PLOT o Cs] SELECTS A AAXLS UL 93
4 PLUT, O=] SELECTS LIAGUNAL PLUTs AND Em| SELECTS Y ARLIS PLUTys GUL [ 13
E ’ 4 EXAMPLE===[PLOTSa]0UL SELECIS [50 INTENSITY ANO Y AX]S PLOTIS IN oL 1] s
, C  X=Y COONDINATES. wUL 86
' NAMELIST /CAVTYL/ NCAVNO LILRINSTE sNPL [ o ZPRQP L » ZPROPO T a7
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NCAVNU [9 Tme NUMBENW ASSIOwED TO CAVITY FOR [OENTIFICATION
ILR INOICATES UIRECTION UF FleLD TrMUULM CAVITY
8 =) RIGHT TO LEFT
s o] LEFT TO RIGHT
NSTE CONTROLS TYPE OF vAMP CUUE BETWEEN SEUMENTS
s | CONSTANT MESH wiln SETUP
3 2 VARIABLE MESH wifn SETUP (EALTS VAMP Al ENO UF ELEMENT)
3 J VARIABLE MESH wlln SETUP (HEMAINS IN vAMP)
8 & USE EALSTING PRUPAGATING MATwIX (EXITS vaMP)
8 S USE EALSTING PROPAGAI [NG MATHLIX (REMAINS IN VaMM)
NPLT CUNTRULS INTERMEDIATE PHINTOUT FUk CaVITY
s 0 NQ PRINTOUT
a8 | PRINT FLELD BEFURE AND AFTER GAINe AND GAIN CU=cFf
2PROPL 1S PROVAGAT[UN DISTAanCE FHUM rHEVIVUS UPT. ELEMENT TO Cav,.
ZPHOPU 13 PHUPAGATIUN DISTANCE FRUM CAV, TU NEXT OPTICAL GLEMENT

NA”EL157/”‘“0“/‘“@“"“@'7’N‘UCQD‘AUU’!Dl‘l“'lﬂ’OS.'"’OS'“ﬂlR'
A VELTAGUISTF1DOUTY sUINY sANULSoPHLAST

ANGXA S TILT In ReQIRECTIUN = RADLANS (WRT OPT. AXIS)
ANGYY IS TILT [N VY=QIKECTIUN « RAUIAND (WRT OPT, AXIS)
RAUC [S ™AQIUS UF CUNVATUNE UF SHMHER(CAL MIRRUR
DIAQUT IS QUISIUE VIAMETEN OF MIHWUNW
VIAIN |5 INSIUE VUIAMETEN OF MIRKUKR
AMPOS IS R=QISPLACEMENT UF MIRROW FrRUM QMTICAL ARLS
YMPOS [S Y=QISPLACEMENT UF MINKUK FrUM OMIICAL AX[>
RMIR [S REFLECI(VITY OF Mlimnun
DELTA 1S CENIER=TU=LLUGE ULSTUNTIUN FACTONR (CM)
VDISTF 19 MIRNOR VUIST, FACTOR (VEPLECIIUNSUISIFO e (] 0=RMIN})
HANULS I9 QUTSIUE RAULUS UF ANNULAK BeAM (IF APPL[CABLE)
DUUTY FLAGS THME (YPE UF APERIURE APPLIEU =

eEUe 0 = CIRCULAR APENIURE UBF INED AS ABOVE

oNEo 0 = HECTANGULAR APERTUNEs UIAUUT HIGH (X} BY LDOUTY wlUE

DINY 1S SIMILAR TU DUUTY FuM INSIUE ULMENSIONS
PHIAST IS Tre ANGLE OF INCIUENCE UP Tre BEAM === DEOHEES

NAMEL [ST/ PRUPGT / DELZs NUCUNV W [NUUK oW INUOKs [IFGeIITR LIPS

DELZ 1S PRUPAGATIUN DISTANCE
RUCURY [S RADIUS OF CURYVATUNRE UF PHASE FRUNT
IF ABS(RDCURY) LT Ued USE RAUCUW UF PHEVIOUS MLHKRUNR
wINOUR 1S X=SPACE UATA wiNUUw FUR FFT
wINDUK [5 X=SPACE UATA wINUUwW FOR FFT
1IFG S A vAMP CUNTRUL PAHAMEIEN
2 | FOR CUNSTANT MESH
s 2 FOR VARIAYLE MESH
IITR 1S ANUTHER VAMP CONTWUL FARAMETER
3 0 NO INVERSE TRANFUNM
a | [NVEHSE TRANSFUMM SACK TQ KEAL SPACE

1I¥S 15 FUR CORRECTIUN OF WLANE ANU SPHMEHREICAL PHASE FHUNITS
2 0 NO CORRECTIUN
s ] PLANAK CURRECTIUN UNLY
8 2 GQUAURATIC CORRECTIUN ONLY (NUT UMERATIONAL)
s 3 80w

NAMEL IST ZAPTUN/Z LUUT sUINeAPUS YHUSeYOUTHYIN

DLUUT 19 QUTSIDE DLAMETER UF APERTURE
UIn 1S INSIVE VUIAMETER UF APERIUKE
APUS 1S A=DISPLACEMENT OF APERTURE PNUM UPTICAL AALS
YPUS 1S Y=UISPLACEMENT OF APENTUNE FRUM OPTICAL AXR[S
YOUT FLAGS THE TYRE UF APEnTUNE APPLIED =

oEde 0 = CIRCULAR AMEMTURE UBF INED AS ABOVE

oNEe 0 = WECTANGULAX APERTUNEs DQUI NLIGN (X) BY YUUT wivE (Y

vin IS SIMILAN 1O YUUT FUM INSIUR DIMENSIUNS

NAMEL IS ZCUTOUT/ UIBEAMIUVHLAR JOXARIUYYHeMARIT ¢ AVCUDM CUSMF

C CUSMFal, FUN NONMAL LUAUVED ®eDUNATON CUTOUT
C CUSMFR0, AVUIUS wRITING FIELD UN 3 ANU AVUIUS NONM, FlELD UNLUADERY
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GUL
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OIdEAM [S The YIAMETER UF oeAM FUR neAT [IERATIUN

OVRLAP [958 UCALCE UVNLAF®UIBEAM

OARR S POSITIUN OF [Tewallve dEAM wils 10 OPTICAL AXIS
DYYR IS [mnE SamE

MAXLIT IS THk MAaX NUMBER UP LTexAT[UNS

AVCUSM AVERAGES PRevIUUS NEAT LTENATIUN QUESS LN THE HUPE

OF RALPLIU CUNVENGENCEeee 3 U NU AVe 3e5 1TSS MALF ANU HALF

NAMELIST/Z PLUT /7 TILTLE » mAUPLT
TITLE JUENTIFIES Trme PUSLTIUN UF BACH STATION »LOTTRL
RAUPLT CUNINUOLS THe TYPE OF PLOT
2 Yo FOR XoY PLUITING (A®aK[Se YeAAlSe VIAGUNAL}
% ley FUR MAYIAL MLUTTING AF vARIQUS TreTAS

NAMELIST/ SLUUM /7 ALFASSCP T eMr0s LLENONS TEPS e INP Ty NPRUP s AL 1AL 10T

ALFA = MEDIUM AGSORYT [UN CUEFF [CIENTs CMe]

SC» 3 MEOLUM SPECIFIC MEAT+J/UNM=UEG K

T 3 MEDIUM TEMPERTUNEY UkL K

LI 2 MEDIUM UENSITYe GM/CMY (UR TRANSVERSE VELe IF JGle 1)
ZLeN s MEU({UM THICKNESS ALUNG UMTICAL AXIS

NPHOP 3 PHOPALGGATION PARAMETER..¢3AME AS NSTE IN CaVITY

NSTEXS 3 NUMHER OF ELEMENTS [N SUBSYSTEMs «GE. | i

INPT 2 NE., 0 FUR INTEMMEVIATE FIELD PLOTS

AARLAL = ARTAL VELUCLTY (CM/SECQ) IF LT 0e USES AALIAL BLUUMING

or 3 HEAM ON [IME FUN THERMAL BUY LAYER GROwTr IN TRANSIENIT
BLOOMING CALCHe [P UT GT Ue USES TRANSIENT BLUUMING

NAMEL I[ST/ QISKIT / IREAUs IWNITEs 10MD » [ADVL
IREAD IS THE DISK NUM Ty ok READ UFF UFscelF30.eeOUNET REAU
TaRITe [9 THE OISK » U Bt wRUTE ON Q4o edUNCT wrITE
TURD IS ME OROER = Ly WEAD FIRST
3=l WNLITE FINST
[AQD = | UPDATES IWRITE 8Y ]} FUR SUCCESSIVE JTERATIONS

NAMELIST 7 MULT /7 TRANSs AMAG
THANS S TRANSMISSIUN UF RLEMENT
NAMEL ST 7 SINUEN / NokaAMe Awl
NBEAM [S THE NUMHER OF CYCLES PEN X=CALCULATED REGIUN
AwL IS THE amp/wil OF THE SINUMSOIVAL YARIATIUNS

NAMEL IST /HEGRIU/ NGRD
NGHU L[S NOe UF FLELD PUINTS ACWUSS REGNIDOEVU UCAL

NAMEL IST /iroML/ALPHAM e CONM LMy ALPHAL s HMUGAS s TAUS TINOREFMINR Y
XCONGAS

THRML, S THE NAMELIST FUR BUUNUARY LATER THeRMAL LENS CALCULATIUNS
ALPHMAME MINRUR UIFFUSIVITY CMu/%EC
CUNMIR® MIRRURN THERMAL CONUUC) SVITY WATTS/CM S&C
ALPHAGS THERMAL OLFFUSIVITY OF GAS MEATEU BY MIRRUR CMSW/SEC
CONGASS THERMAL CONUUCTIVIIY UF GAS MEATED 8Y MIRRUM wATT/CM=SEC

ANQGASS UENSITY OF WAS MEATED dY MINRUR oM/CC
TAU = UEAM UN TIME FOR BUUNUARY LAYER GHUWTH SEC
TIN s IN[TIAL TEMPENATURE UF GAS & MIAWUR VEG K

REFMInE MIRRUR =EFLECTIVIIY (UBTAINED FRUM MIRROR INPUT)

CTHERMLEMAY BE APWLLIED AFTER ANY MINWHUK TU ALTER THE GAIN = MMASE
VUE TU mEATING UF TME WULESCENT SUUNUAMY LAYER AQUACENT TU TME
MINRUK SURFACE.

NAMEL LST/ SPLIOR /NSPUew UTre THETASASPCoYSPCoDINM
NSPU » NUMYER OF STRUTYS IN SPIVER (MAXSS)

WlOfm = WiUTH OF SPORES IN SPIUENR

THETA 3 ANGLE OF [NULVIUUAL SPORES UF SrFIVER
ASPC 8 XeLUCallun OF CenTEx UF SPLDEw

YSPL ® Y=LUCATIUN OF CENikm OF SHPIUEN

PIL] s mMyd OlAmMeTEN
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NAMEL (ST / AAICUN /7 CAPrICAFAND sMUCIULSPTILT
CAPR 5 TrE OUTSIDE MAULUD OF The ANNULAR EXTRAC!IION BEAM
EAPAND EWe +THUEs MEANS THe BEAM [9 GUING FRUM CIRCULAK TU
ANNULAN IN CRUSS=5eCT JuN
ROUC 3 RADIUS OF CUNMVAIURE UF THE FLELLU IN PrYSICAL SPACE
QlSP 8 UISPLACEMENT UF wAlCUN FRUM CENTEN ALUNG A=aAX]>
TILT = ANGLE (RAULANS) UF AALCON [ILT FRUM DLReCTIUN UF PROV,

NAMEL IST/ RPROP 7/ DELZRsVELLZIMew INUUA e w INUUK

DELZN IS PRUPAGATIUN DISTANCE FOR Tre HAULAL COUROINATE
DELZTH S PHOPAGATIUN UISFANCE FUR InE ANGULAR COURUINATE
*0e  UELZM JNE. UELZTN MEANS YUU ANE MAKING AN EQUIVALENT

(22 ]

*e¢  CULLIMATED dEAM PRUPAGATION STEP [N WRe=TMETA CUONULINATES o

WINDUR [9 X=SPACE LUATA winuuw FOHR FFT
WINDUK (5 ReSPACE UATA winUUw FOR FFT

NAMEL IST/ CENTER / USMeNEMUVEsPHLARY

OSM [5 THE DIAMLTER TU HE wemMUvel ANU LATER ADUED TO THE MAINBEAM

REMOVE FLAGYS THE ACTIUN «

oTHUE. IF THE CENTER PUNTLIUN UF THE dtAM [S (0 8E WEMUVED

oFALSE. IF THE REMUVEY PUORTION 1S TO ok AQDEU BACKR TO IHE dEAM
PrHIARE [9 aN ARBITRARY PHADE CHANGE AUQED TO THE CEnIRAL PORTION

IF ((FLAGeNELD) GU TU &/92
CALL CPUTIM(ISTIRT)
[GNAL =)

RAPTREO .U

SPPYr].ETQ

CPCNT=0 .V

MSTEPSQ

wrY 2 (fRUL

KAUTQ = 0

NIT s NITER

ICNTL=0

ANGXAS0 .

ANGY=20 o

CALL ZERU(ICAVINCT)

00 173 [(LERU=i,.je
1CAVZ(12ER0) =0

CALL ZERULGNOT(1e1) oGNOT (Dusl})
DO 176 [LEROSB)20

DU 176 JLEROU=BL950

GNOT (JZEMNQ 12ERV) = Ve
0V 3 l6=le)0

SAVE ([o) =],

NUY 3 NPTSenNpY

..'O...00.'00........00'."0...'0...0..'..'.00.'00'.0.0......0.0.6'.0.c

9000000008900 0800300000008030030000 0008009000000 00084008000900008009%0

HEGIN VIRECTION OF OPTICAL CALCULATIUNS

Cluvy CALL LERUIGUNUTE (1) oQTE(ZU))
LUU0 OV 176 [cEnUS 2V

ile

1ded

GNufe L 1Y) 80,

REAOD (L INeCONTRL)

1GATE s U

NEAY (INsl263) unUQie

FURMAL (cvae)

ICNTLAICHTL L

IPLTSCICHTL) = [PLUTS

0V HU2 [=].Q¢0

GNUT (ICHILY L) SGHUTE ()

CUNT LNnUE

wHITE (Oea8UL) (GNOT LLCNTLe L) v1®1420)

FURMATI (/7129301 3n068) /SR e2UAS/ LRy Y IriPee))
CALL CPUTIM(INCH)

TIMES(ISIRTeINCR) /L1004

ISTRTS (R
IF(NLITERGEUSVLUIWRITE (O LUul) | {Me

FURMAT (/7/720X¢27/MCPY TIME SINCE LAST CUNTHLSFH.2/7)
[T 3 [TMe}

INIT 8 ,IRUE.

TOULLLTM) = [FLUW

131

UL
UL
UL
UL
oL
WL
L
UL
GuL
GUL
GUL
GoL
GOL
GUL

6oL
L
6oL

UL

GUL

WL
woL
UL
sUL
0oL
6oL
s0L
GOL
6oL
6oL
50L
woL
GUL
G0L
suL
sUL
WOl
500
GuL
GuL
wuL
6oL
oL
wuL
woy
UL
UL
ouL
bUL
SUNTTCY]
buL
sl
suL
ouL
wuL
suL
buL
WL
G
woL
GuL
wuL
GoL

240
22}
222
223
226
22%
226
227
228
229
230
23l
232
233
c23e
23%
23e
237
234
239
260
ée}
262
263
2646
265
2606
267
268
249
¢50
¢S]
29
2%3
256
25%
2%6
a517
258
2%9
260
261
262
263
2066
265
206
267
268
269
270
earl
el
el
P
ers
eT?
41 ]
ery
1060
L)
esl
282
283
28e
1)
2ne
114
284
289
290
291
292
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C
C

(2]

IFLOw = L7 2/ 3/ &7 5/ 6/ 17 8/ 9/ W/ L)/ 12/ L3/ Les LS/
GO TO (1002003098 0950e8Us/7UsdUIFUUSIUUI3IG00390e36Us42UIDY
/16 /171 7 187 197 207 21/
Xoelo0ol7Us1d001900200ediVr309) 9 [FLUW
ENTRY AUTO(ABC,(8)
4792 REAV (1d) (CUCIZ) o1LmleNOY) sAsDWWwHW
REwINY I3
KAUTO = |
NiT = 0
DHX 3 ABC(LleZel)
ORY 3 AdC (24291}
NITER = 0
WHY 3 (THUE,
..0...00.‘0.0.‘000000.000.0‘00‘000..000.000..00‘00..00.00000.00..0.
HESTANT POINT FUR SECONU AND SUBSEUUENT LTENATIONS OF A RESONATOR
99 NC1 = 0
ICNTL=Y
INIT3.FALSE,
ANGASO o
ANGYSO,
CALL ZERU(ICAV,[DOK)
DU L77 [LERO=},}3
177 ICAVZ(IZERY) = 0
larta =
98 lwma 8 Juma o |
ICNTLIICNTL»)
IPLOTS = [PLTSUICNTL)
16ATE s v
[FLOW=IGUL ( [wHA)
WRITE(60801) IGNOT{ICNTLeL) v ixLedv)
IFLOw = /87 27 37 o7 o/ 6/ 17 B/ 9/ (07 LN/ V87 LA/ Lo/ i/
GU TU (10020230 s4UsSUsA0e7us80+90Us LUV JeUeI90e30UseCUs |5V
/1671177 L8/ 197 2us ¢l/
RelodeloUsindel0e20ue2l0s309) s [FLUW
STuP
PPCOOPPEPPP P09 0000000000000 0 00000000000 00000 0040000000 000008000099
Cul UUT FIELY CENIER AND SaVvE OR AUV TU CURKENT FIELD
2iu ICUT = [CUTej
IFLaNQTe INLT) GU TYU 212
READ (INoCENTER)
DOMM([CUT) 3 USM/2.
RMV{ICUT) 3 REMUVE
PHIACICUI) = Pr[AKRY
Cle IF(eNUTRMY([CUT)) LU TU <dlo
wrRITE (oells) USMMILICUT)
2le FUMMAT (/729 THE dEAM CENIER ( RAUIUS =2 sFOedsdUrt } HMAS WEEN HEMUV
kW /7)1
oV TV 219
216 aRITE (Ae217) USMMICUT) yPrLALICUT)
€ll FURMAT (/<E9% Tre BEAM CENTER ( HADIUS 3 +Fbe.Jde8mM )} mAS HEEN ADULED
A JACKR TU The SHEAM 4lTH A PrasSk CHANGE UF +FT.4/)
219 CALL FIELOS(USMM(ICUT) oRkMvICUT) oPHLALICUT))
[GATE = |
GV TY 36¢3

c P00 PRPPOPVPPPPOPCPPCGPPVIPPICPE0 0000080009000 0 000000000000 0080000

C PHUPAGATE UNROLLED ANNULUS

200 [RSTP = IRSTPe]
NPYPlaNPYe )
IF(eNOT, [NET) GO TO 242
READ ( [N HPROP)
ABC (1o [RSTPsd) 3 DELIR
ABC (29 IRSTP+8) = DkLZTH
IF(ABC (29 IRSTP8) eEWe040) ABC (24 nSTPed) 3 DELZR
ABC (3¢ [RYTPss) = wINDOA
AGC (09 [RSTPsB) = wiINOUK
232 wHTE (60236) (AYC(ISTeINSTFed) 9 [Simioa) s ANGXsANGY
236 FORMAT(//7/7%9M VELZR oeLZim W INUOX W INDOR ANGA
X ANGYes / 6F10.8//7)
CALL WRSTEP(AHCLL v IRSTPe8) »AHC (24 [RSTP+8) +ABC (I o [NSTP+8) sAHC (&
LINSTP+8) ¢ ANGX 9 ANGY 0 Y )
CALL POwR(CUs R sNPTSoNPYPY)
IGATE = |}
0 TO 3823
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oL
oL
GUL
WETTCY)
GuL
GoL
WuL
UL
UL
GUL
oL
6oL
UL
6oL
GoL
UL
GUL
UL
GUL
6oL
Gy
6oL
UL
6oL
GOL
GBUL
suL
euL
ouL
L
oL
GUL
ouL
S0W77CY)
GOL
GUL
GuL
GUL
GUL
GuL
QUL
wuL
LV
GuL
LUt -
oL
GUL
QUL
GUL
UL
oL
euL
GUL
UL
GOL
GUL
GUL
oL
UL
UL
GUL
GOL
UL
oL
GuL

LUL
GOL
GLL
6oL
oL
GUL
wuL

293
294
29%
167
a97r
298
299
309
301
Jue
303
30e
305
Jve
307
3os
409
3l
N
32
313
3le
1S
3le
37
3la
a9
320
321
322
323
326
Jas
168
347
328
329
d3u
331
332
333
EEDY
335
336
337
338
3439
Joy
KLY
ELY
ELX)
Jes
305
Jee
367
368
369
350
3s}
392
353
3Se
355
356
o7
3se
3v9
360
Jol
362
3ol
366
36s




Giiini L G N SAN-EE R -

[ P200000000000000000000000000090000000000000400000600090000000009000e UL Job
c APPLY AXICUN UL 307
190 lAxslaxel wuL ETY )
IF(aQToINIT) GO TO 191 oL 369
READ{ INoAXICUN) UL 3are
CPR(IAX) aCAPHR GoL 31}
APNO(LAX) SEAPANY GOL a7
. RCURVE ( [AX) =RQC UL 33
1 TLT(LAX) a TILT GUL Ite
DSPILAR) = DLSH GOL 37s
] 191 CALL AAICNICPR{[AL) 9 XPNO L LAK) sRCURVE (LAX) sUSP(TAR) o TLT(IAK) oY) GUL ate
GO TO 999 GOL arr
C 0000400090000 000 000000000 00000000000E+00000 0030040008000 000000000000 GUL Jrs
C APPLY SPIDER OYSCURATION TwANSMISSIUN FUNCTIUN TO The COMPLEA oL 79
c FleLy S0, 380
180 REAVINISPIVR) UL ETTY
ARLTE (6o 8L ) wIDTHenSPUoASPL o TIPCoUIMe LTHETA(LISPO) ¢ [ SPUS) oNSPY) UL 382
181 FORMAT (26M0 SPIUER MUUEL APPLIEUS /915 STRUT wiDTM SeGidedeldn GUL 303
INUe OF STRUTSSe[3eldn KoY ENIENB1G12e001N00612000 oL 380
Cl5n MUB ULAMETEN SBeGldees9n IHETAY 39060Llces) oL ETTY
NSPD 2 MINOINSPY8) UL T
182 CALL SPIVER(WIDTMeTHETAsNSPDIASPCYYSPCoOIM) UL EL T,
IGNAL S UL Jus
GO TO 999 [V 8 389
c 0000000000000000.00000000000000.000000000000000000000000000000000.0 GUL J9°
€ w{TE CUMPLEA FILELU ON Pun(h CAHUS wuL EL 1Y
160 wHTE(60163) L J9e
103 FUKMAT(36ry CU MAS UEEN ww|TTEN UN PUNCH CARDS) oL 393
WHLTE (60166} (UNOT(ICNTL ) 0181420 UL Ive
166 FONMAT {2UAG) wuL Fll}
DU 16l Jsl.NPY wuL Jve
DU 161 13l.NPTSe2 UL 97
IREF ®(J=])®NPTS GuL J94
DUMLSKEAL (CULIREF*])) GUL 399
DUME 1 SAIMAG(CU(IREF*])) WL L1
VUMZSREAL (CULIREFelel)) UL LI N
OUMEZSAIMAG(CU(IREF*[*1)) UL e
161 WHITE(64102)AC[) oA (J) sQUMLIDUMELsA(L*L) 9 X (J) eDUMEIDUMER UL 03
102 FURMAT (2F8.2+2E12.492F8e202E12eb) wL 40s
1GATE = |} N oL 405
60 19 3643 SUL 06
(o 00000000000 000000000000000608800000000000000000000900000500804090000 GUL 607
C APPLY SINUSOLUAL PMASE VARIATIUN TO CUMPLEX FlELD L “y8
420 IF («NOTLINIT) GU TO #21 GUL «09
READ (INeSINVEN) UL [ 2Y']
o]l wHITE (6+422) NOEAMoAWL oL L 29}
422 FONRMAT (/7480 SINUSOIDAL VENSITY FIELD APPLIED TQ THE dtam /2um UL .2 {
X a8 OF CYCLES PER XCALC »15¢26m AMP /WL OF VARIATIUNS S¢F7.3 ) G4 “l3 i
AS 8 2,%3.14]1%992 ® AwL VUL ele
A6 3 2, ® 3,1419592 © NHEAM /Z(INPTSO®(R(2)=X(]1))) woL als
00 423 [3).NPTS oL ele
CFaACTT= CEAP(CMPLA(Oer AS ¢ Sin (AB®X (L)) oL (3%
VQ 423 JsloNPY UL .18
Iy ® ] o (Jsl)onPIS Wb s19 i
o3 Cutld) s CUIJIOCFACTT oL 20 |
G0 TO 999 , oL 621 '
[« 000000000000 00000000000000000000000000000003000000000000000000%000e LI 482 '
[ APPLY GOL CAVITY TO CUMPLEA FLELD (8 623 i
1V ICAVS[CAVe] UL 26 !
IF («NOT, INIT) GO TO I} oL 2%
READ(INoCAVTY]) UL Lr{]
IDIR{LeICAV) = NCAVNG UL 27
IOIR (2 [CAV) = ILn GO 28
[DIR(3eICAV) = NSTE GUL 29
IDIR(4s[CAV) = NPT UL *30
ZLICICAV) SZPRUPE woL 3]
LUt SCAV) PNOPO UL LXT
11 NEwCAV = 0 UL €33
NCS = MARO(IDIR(Le[iCAVIINCT) UL 30
IF (NCS«GFoNCT) NEwWCAVS] GUL .33 i
NCT = NCS UL s36
WRITE (0e12) IOIR(IoICAV) sIUIRIZyICAV) o LUIR(IeICAV) UL 37
133




c
C

c
c

C
C

C
(4

12 FURMAT t(//716n CAVITY NUMBENReI3el/n
X PRUPAGATING WARAMETER +4¢ /)
AR[TE(641S) LLICLICAV)y ZLUCICAV)

19 FUORMAT (48MOAQUI T IUNAL PROPAGATLON DISTANCES AT CAVITY ENUM/

A 1ReonILiBe124990498MILUB20G1L.S)

CALL CAVLTY(LOIR(LsiCAVI vIULR(2+ICAV) oNEWCAVIINLT s JOIR(I0ICAV) ¢ INe
A mESTRTe JUIM(Gs fCAV) o ZLLICICAV) 2 LLULICAY))

IFUIVIRtICICAV) LELJ) [NTs}

GO TO 999

POP0000000 0000000000000 000000000000 0000P0ECP0000P4COPCGPPGSGOOOOOOSS

DIRECTIUN o112

READ ANU/UR wrITE CUMPLEX FlELU UN UIRECT ACCESS FiLt

100 NUS 3 Nus ¢ L
IF («NOTWINIT

} 4u TO Lol

READ (LINJVISKRILT)

IOSK()sNUS) =
IUSK{2eUS) =
[VSK(JoNUS) =
[USK (seNUS) =
L) TO o7

L0} [REALD = LDSK!

IREAL
[wRITE
Lo
[a00

1oNUS)

IUSK (29NUS) 3 [USK(ZINUS) ¢ [USK(8eNUS)

lwnlfe = JOSK

(2yNUS)

IORD = [USK(3e¢NOS)
107 IF (IREAUVGEWeDURC [URDsEWe=l)} GU TQ Ju2
(CULIZ) o IZ3LeNOB) s KoURASURYSN]TER
WRITE(60109) IREAV
LUS FUNMAT(//710X¢26MCU MAS HBEEN READ FRUM UNLTeI3/7)

REAQ (IREAD)

REnIND [READ

102 IF (lwR[JE.EWeV) GV TU LlU3

WwRITE (IwRiTE)

WRITE(6+106) [WR[TE
1U6 FURMAT(//10X¢2THCU MAS BEEN WHITTEN UN UNIT,13//)

RE#IND [WRITE

103 IF ([REAV.EWeUeURL IURDEULL)

READ (IREAD)

REwWINU IHEAD
W TU 999

POPPPPPPICPPCICS 9000900000 0000000000 9930000000000 90000000030000%0000

APPLY AERQUYNAMEIC «@INUUW TU CUMPLEX FIELL

36y wRITE (993s])
Jel FORMAT (//7an
XORTION 15 THE

w0 TU 999

(CUCLZ) o [ZELoNUB) s XoUNA2ORY oN[TER s SAVE

(CULLZ) o LZ3LoeNUE) s RsURASURY 'NITER
WHITE(6+105) [HEAV

AERU AINDUW MUOUEL MAS UEEN APPLIED .. HMS PMASE DIST

MQUEL /)

CALL AERUW(CUNPTSNPY)

GO TO 999

COPPCOOEGPPPO0000 000V P 0P80 0000000000000 00 9000800000005 900900600%0000

APPLY FLELD SCALING FACTUR

350 MLTamL Te|

IF («NQTe INIT) GO TO 351
MEAD (INeMULT)
ABC{1oMLT¢9) STRANS
ABC (2eML T 99) sXMAG
391 WREITE(09392) ABC(LoMLTe9) 2ABC (20MLT99)

STRANS = SQRT(AUC(LoMLT9) 1 /7a8C(L2MLT9)
352 FURMAT (/631 THe FIELLU MAS BEEN SCALED BY THE FACTONS

VO 353 [sl,hub
393 CU(I) = CU(])*STRANS
00 357 [ = LyNPTS

357 (i) s xtf}) e

ABC (oML Tr 9}

RMIRR = ABC(leMLTe9)

{GNAL = 5
G0 Ty 999

P00 P00 0000009000909 0900200000000 0000002000000 009090009808 0000000

MAKE PRINTER PLUTS UF CumPLEA FlELL

40 [PTTslplTe)
IF (oidUToinlS
READLINGPLOT)
HEAY (Sel2ed)
0V 8J Nus| .2V

83 ArLT (LRI T o)

82 whiTe (Hsde)

) w0 Ty 82
rifee

ST ITLE (nNg)
(APLT LIPTTanNU) yNus] ¢ 20)

134

2294

02FB8e3/)

6oL

g

YT
39
460
ae)
02
a3

[
YY)
40
a7
408
YY)
450
o]
92
4923
[ 1Y
55
56
57
58
99
00
461
602
LX)
LY 1%
05
406
07
468
409
470
[YAY
72
473
ola
.5
o776
a7
478
79
480
[2:})
482
4483
L. 73
483
486
487
48
489
490
491
492
493

.98
s90
97
498
499

S00
%01

502
203
50e
1)
sve
507
508




B4 FUNMAT (Lrl9J30Xe2UAS //) UL 209

[F(RAUPLI sEWQeUeU) CALL IPLUI (1111 oL 240
IF (RAUPLT NEoVou) CALL IPLUT (iQlllM) wuL sl
[P LeNUTINITIGY TO 94 UL o212
GO TU 190v0 UL °i3
[ 0000000000000 0000000090000 80 0600900000008 0000000000000000000000900 GuUL ajs
C FLIP THE CUMPLEX FleLD Asuul THE YedArlS (8 215
360 NP 3 NPTS / 2 GuL Sle
wHITE {(6e301) oL 817
36} FORMAT (/92n  Tre FIELD mAY JudT HEEN FLIPPED ABUUT IME YeaXld> 1/) GUL o148
‘ 00 362 Ja)l.NrY UL 219
. 00 362 [s]l.nNP UL 520
[2 3] ¢ (U=l) * NPTS WL %21
I3 8 ) =1 ¢« NPT © UL ade ;
CU0 s CuU (l&) UL 243
Cutl2) = CQutld) UL 526
. 302 CU(Id) = Cuo L 529
H GV TO 999 [ 8 920
k- C 2000000000000 0000000000000000008000000000000000000000090000000000 SOW77CY} 169
e 305 I[F (NPYNRNPTS) GO TU 999 SUY7ICYl 170
| NPaNP IS/¢ wWurICY]l A 7]
F-” Wl [TE (60366) .SOQT7CY]  \72
F 306 FORMAT (/66  THE FIELU HAS BREN FLIFPED AHOUT THME X=AXId/) Sou77CY]l 173
00 367 [=)yNPTS SUQTTICYL Ll
AN VO 367 J=]l NP SOWITCY1 179
’ . 128+ (Jy=l)enNKTS SQUITCYL 17e
[13n[enQE=JuoNP (S S0Q7T7CYY 177
CuusCu(ld) SOW’r7Cy1l 78
CUtl2)=Cuild) SO0QT7ICY)Y 179
367 CutlJd)sCuo SOU77CYl 180
6V TY 999 S0UTTCYL 18]
c 00000000000 000000 000000 PP VIOV IPPVCPPOP VPGP CPPEIPIICIIEPP00000 bOL ,21
c APPLY MINRUR TRANSMISHLUN FUNCTIUN TU THe CUMPLEX FlelD UL 948
20 [MIR s [MIRe] UL 949 1
[F(eNOTs INIT) GU TO 21 UL %30
3 READ ( INoM[KOR) wuL s3
g ABC(1vIMIRG2) s ANGXA GLUL 832
. ABC (29 IMIRe2) 8 ANGYY GUL $33
ABC (30 IMIR2) 8 NADC GG S3e
ABC(esIMiR,2)s D]1AVUI/2,. GUL $3s
ABC (9 IMIRs2)= V]IAIN/2, UL %236
ABC(0e [MIReZ2) = XMPUS GuL 937
ABC(TeIMIRe2) 8 YMPYS UL SJ48
ANC (8o [MIR2)3 KMIN oL 539
ABC (90 IMIN2) 3 DELTA LUL 560
ABC (LU [MIRe2) e DISIF UL Se|
ABC(Ll1leIMIRe2) = RANULS [N 9o
ABC (LU [MIKHe)2U0UTY/ L, SWAPR a7
ABC{lieIMIHsa)BUINY /2, SUAPR é8
ABC 12y IM[KNel) & PRIAST ClUASTY ]
€l CALL MIRNOR(AGC (Lo [MINec) vaBU L2y IMINIE) sABC (I IMINE) sABC 8y [M[ReZ GUL 964
1) 2ABL (90 IMING2) s ABC (O [MI[Re2) saBL (T o MIRe2Z) sABCLTde [MIRG2) UL Sea
€ AYCI9e [MINGL) sABC LIV IMIRC) 1aBLILLIMIMe2) sABC L0 [M[Kv®) ALK <49
3 ABCULleIMIReS) yABC(L20IMinee)) CluAaSTO 4
| RAPTHBANC (6o LM[Me2) UL Se0
WRITE(6023) (AHC(IMRIMIRGC) o iMRBLI) » (AHCLIMRs [MIRL) o [MHRO]]) SWAPK N
) €3 FURMAT (/7781 ANGAR 8eGl2,608M ANGYY S9G12ed0) /M HAVIUS OF CURV 346 GUL Se8
{ Aldes/ o3M SUAPNH 42
A AUSITIUN OF MIRRUR donele urlicaL ARLS 8 (oFPOIeiMesFOdeln) / UL 950
A22r MINMUR WEFLECTIVIIY SsFBedeni/ [TV N 551
A3TH MIRRUR SPHERLICAL DISTURTIUN FACIUR setll.s/ UL 552
A37r MIRWMUR PLUR UBPe DISTURTIUN PACTUR S.812.470 GuL 993
X3/m QUISIDE RADIUS OF ANNULAR SEAM sikldens) 0L 5S¢
. IF (ABCL10s1MIR2) siTe=lVe) GV TU HJ4lO . EVIPwWH 1
{ ’ WwRITE(GeIQLI) LU IPwWR e
1 IVLII FUNMAT (S8M BV LUSS ACCOUNIED FUM [ ASSUCIATED MIRWMUR CALCULATION &LiPwN 3
s ) LU i PWH .
! GV TY 3623 LU1PWR )
‘ . 8316 CUNTINUE eV IPWR s
! TdaL 82 6oL 555
| IF(ABCIAoIMIRGQ) eLEcUeUeANUCABC (D0 IMIRI2) sEUeToU) LGNALES GOL 556
AMIARSABC (B¢ [MIN+2) Y 87
GU Tu 999 QUL 958
135




(2 Xa¥s}

READ ( [Ne I HRML)

ABC (Lo [THRML.7) s
ABC (2o LTHRML o T) s
ABC(IoITHRML7)3
AGC(ao [THRMLy /) ®
ABC(Se1THRML, ) =
AUC (6o [TrRML,7) 2
ABC (7o [THRML )=

ABC(3e 1 THRMLy7) s

171 CALL THEWML (ABCLL o LTHRML Y 7) oAUC (2o [THIML Y 7) o ABC (3o [THNML Y 7) s ABC (4o
LITHRML o 7) s ABC(So LTHRML o 7) s ABC (O [ THRML 7) s ABC (T o [THRM o 7) s

CABC (Bl TrRM 7))

IGNAL 3]
GV TU 999

C 0000000003000 00 090000030009 090PP0PIP000P00000000000000000000%0000
c APPLY PHUPAGATIUN ALGURITAM U CUMPLEX FlELY
30 ISTEP = ISTEPe|

ALPHAM
CONMIR
ALPMAG
RMUGAS
Tav

TIN

REFMIR
CUNGAS

IF{eNUT. INLID) GO TU 32

READ (INoPRUPGT)

IF(IIPSeuTel) [IFime

ABC (Ll ISTEP+I)
ABC (22 [STEP+ )
ABC (39 [STEP»I)
AQC (8¢ [STEP )
AdC (29 [SIEPV )
AHC (69 [SIEP )
AdC (74 [STERP D)

32 1Fu 3 ARCI(S,[STePes)*e0U]

ITn 3 AdC{Os1STEPeI)*4V0}

IPS 3 AadC(741STEP ) *0UV
(ABCLLOTolOTErv3) o [STHL04) o LFGe TR IPSeANUA s ANGY
winuux

/7 F LU0 009Kk e[0eDRN O

wHilTE (6938)
d4 FURMAT (/77 91m
X ifw Py
RORs2F1VeD//)
ICORE s 0
IF (IFGelTe=b)

IF (ABS{ABC (e [STEPsI) ) ekl eed) ABCICILISTEP+3) sHAUCUR
40¢ CALL STEP(ABC (Lo ISTEMe3) 1ABC (LY ISTEP )
103)2ABC (00 [STEPsI) o [FUs TR IPYeANGA»aNGY ¢ 0 ¢ [CORE)

VELZ

3 RUCURYV

wiNDOX
w [ NUUK
IIFG
LiTH
1944

vELL

ANGA

GV Ty 4l

IF (ICUME.EWeV) INT 3 |

MSTEPS]
GY TQ 999

x)

ICORE=]
GO TO s8¢

60 [AP 3 [APe}

READ ( INeAPTUN)

IF (INTEWeQ)STUP
[ CALL CORE(ABCULoISTEP I s liNs W)

31 IFUINTEVQImRITE (D931
J1Y FUMMAT (S0My ENIERING CURE nePURE STEr CALLEDS CALCULATIUNS STuMPLD

. IFtemuTe INIT) GO TU &)

ABC(lelAPI0)S QUUT/2.
! ASC(2e[AVea)m DIN/2,
' AGC (30 [APs6) s XPOS

ASC(as[AP s} = YPUY
: ABC (9e [AP &) BYQUT /¢,
] AUC (6o LAPIA)SYIN 720

f ol IF(OUUT LT Ue0eANDDINGLT U U)
1CALL SLIVERIABC Lo [AP4) sABC (2o [AP+0) 1ABC (Je [AP14) sABC (00 [APy0))
! IF(O0UT sUELVe0eAND U INGR e UsU) CALL APHTHIABC(1e1AP®) sABC Iy [APS
A)oABC (30 1AP&) ¢ABC (40 1APa) 2 AUC (e LAP4) sAHC (60 APy &)
IFO0UT T 000 ANU U INSUE v U INAPTRESANC (10 [APs)

lunaL se
60 Ty 999

PP PP00PP 0000000000 0000 0009000 CPPPPPCPROGGCC0000C0C P00 000000000000
APPLY TRANSMISSION FUNCTIUN UF A WULESCENT THERMAL GRADIENTS
NEAR A MIRRUWR SURFACE
170 [THRML s [TheM ¢ |
[F{enUTe INIT) GO TO 471

ANGY

(o} PG00 P0090000 0000000000000 0000000000000 0000000030040000008006000000

c APPLY APERTURE TRANSMISSIUN FUNCTION TU COMPLEX FILELY

136

ABC (39 [STEP

oL
oL
eoL
oL
6oL
UL
sUL
s0L
GuL
SuL
oL
GUL
oL
SuL

oL
GUL
6oL
GOL
Lot
GUL
GOL
SWAPR
SWAPH
WOL
6oL
SQAPH
SUAPR
oL
oL
woL

9959
500
S0l
%62
963
964
565
9566
9267
S08
569
$/0
871
972
973
Sle
14 ]
576
L 144
576
819
580
Su1l
582
583
Sde
545
546
597
548
49
590
991
992
993
9ve
S9Y5
11}
997
998
999
L1 ]
o0l
60¢
o3
LY 1Y
605
111
607
111
6u9
6L0
oll
sie
613
6ls
els
6ié6
oL7
ol8
6l9
620
[ T}}

3

k1Y
022
623

3%

Jé6
626
630
631




RN, SR oba b g

[+ 9006000000000 000000000000000 0000000900000 000000000000000090080006000 UL 642
[ APPLY THERMAL BLUOMING TANSMISSIUN PUNCIIUON TO COMMPLEX FIELD GUL 6033
90 UK 3 [UKe] GUL 636
IF ( «NOT, INIT ) GO 10 9} 6oL [ X1}
READ ( INoBLOOM) UL eJdo
2UC (Lo [UKSS) = ALFA 6oL 637
ABC (29 [0Ren) = SCP WoL 638
AGC(I+10KeS) = T GUL 649
ABClao[UR9H) 8 KRMU WL 640
ABC(9eIUKeS) 8 LLEN 6oL oa}
ABC(Oe [URSH) = NSTEMS UL 08¢
ABCI(Te[URS) = [NPT GO, 063
AdC (390K eD) 3 NPRUM GLL Y9N
AdC (9o lUKeD) = aAlAL oL [Y%3
ABC(lUs[UKeS)® T oL 066
91 NSTEPS a3 AHCIO+]0Ke3)*.000, UL [ 1%)
‘ INVTSABC(TeIURS) +,000) [~ '8 668
X 12272anC(8s UK eS) o, 00U oL 669
4 CALL THLUOMIABC (LelUKe9) sACico UKD} o ABC(Ie[UKeD) sABC (89 I0KeS) ¢ L 0950
| RABC (D0 [UR D) oNSTEPSe INPT [T 2ABC (90 [UKeD) sABC (100 [0ReS5)) UL o5l
. GU TY 999 UL 092
rd c (XX AR LRI R AL R 2 A E R PR Y P R R R PR PR Y P XY Y X XY Y Y Y Y Y ) M ”3
F ¢ INTERPOLATE FREUYACK FLELU PHUM HESUNATOR MOUE FOR USE InN NEAT UL o3¢
C 1TemaATIuN UL [} 1]
, 6U [F{eNUTINITeAMUcoNUTcunY) GU TO 6] 6L [ 111
: IFlenUTHINET) GO TU 67 ouL 657
b READ (INsCUTUUT) oL 658
ABCilislel) = U dEAM GUL 699
ABCidelol) & QVRLAP UL 660
ABC(J9lel) = ORAR GUL 661l |
ABC{4elol) = OYVYR UL 602
AGCiSeiel) = AVCUSM GUL 663
16DL(99) = [ABS (MAAL)) GUL 66e
o7 DCIEM =3 ABC(2elsl)®adClLlslei) /e UL 665
OlsEAM 3 ABC(Llelsl) 6oL 666
AVEL 3 JCIBM/NPTSeZ, UL [ 134
9 AK(l) = «QCluMexDEL/Z. GLL 668
DL 62 1GNE2INPTS L 669
62 AK(IUN) 3 XK([GN=]) *RVEL oL 6790
TAY(L) 8 X(2) = X{l) GUL o7l
TAY(2) 3 X(2) = &{}) GLL 6r2
TAY(3) = NPY wuL 673
TAY(s) 3 NBTS GUL 674
00 66 MSP=INPY GUL 675
66 TAY (4eMSF) 8 X (MSP) +DRY (DN 676
NPY&aNPY s GUL or7
00 640 ™3TslsNPTS GoL 6’8
060 TXY(NPYS o MST) = X (MST)eUxX .GOL 6l9
6] AVC 3 AdC(Selsl) GOL 680
POwA = U APR2T 1
DAgBtA(2)=R (1)) /20 APR2T 4
Du2=0CIam APNRT k}
f 00 623 Jm].NeY APNT .
IF (ANS (R (J))=0R2.GTDB2) UV 10 62l Aﬂ827 S
FCYsl o0 APR27T [ }
iF (AOS(A(JD)OOIZ-L!oDBZ) o0 Ty 27 APM27 7
FCYS(UB2=LANS (X (J) ) 2UX2) ) 7UAL72, APR27 [ )
0d7 Jl ® (J=l) * WIS APN2T 9
0U 62V I=]l.MPTS APR2T 10
IF (ABS(A(]))=0X2.6T.082) WU [0 62V APNRT 11
FCAsl o ° APN27 12
IF (ABSI(AIL)) euR2.LT UH2) LU Y 628 APR2/ 13
FCAS(UBR2=(ABS (X L]))=UR2) ) /URL/2, APN2T is
0c8 1A & Jy]l ¢ | APN27 15
PUWA 8 PUWA ¢ CUILA) ® CUNJGICUCLA)) @ FCX ® FCY APRET ie
640 CUNTINUVE APRRT 17
odl CUNTINUE aAPNR27 18
i PUmA 8 PUWA ® (X(2)=R(l))®®%¢ / 14U0. APN2T 19 1
MAAAS ) WL o8]
110 "3 8 o8
IF (MPTSeNBNPY) [(m] UL 68

L. 137




PUw8 = 0o APH26 12

DO 64 MYS) yNPY GOL 68e
YinP 8 ARK(MY) o ABCleels}) GUL (1 1]
k DO 63 MXBL NPIS 6oL 686
MAAABMAAAS] GOL 687

AL 3 AR({MR) o AdCi3elel) 6oL L1 B
CALL INTERP(TXYGAINPoYINP LU CFPL (MAAA) 01 2) APH2E 13
83 PUwH 38 MUwd * CFFL(MAAA) *CUNJUGICFPL (MAAA) ) APNZO le
PUwE 8 PUWB ¢ (AR (Z)=AK(]))e®¢ / Lyuy, APHZO 19
FAFLT = SQNT (PUwWA/PUWY) APN2O 16
U0 6¢3 A = lengY APH26 17
623 CFFLUIX) s CFFLIIX)®FAFL] APWE2O 18
wriTE (60620} PUWHPUWA APHEO 19
0% FURMAIL (/710Ae2B0F JELD AVJUSTEY FHUM PUWER UF (F8,200n TO sF8.27) AVR20 20
IF (QUSHMF sk sle) OV TU S9¢e CrcLe9 [}
[£{=0 crcLey 7
o DO 5863 la=|NPIS CYCLEY [ ]
5 A(LR) = AK(IA) CcylLes 9
3 0V Sd43 LXYs)lsiwY CYCLED 10
L 12 3 12 » |} CYCLEY i1
e 9883 CUILLZ) 3 CFFLILD) CYcLe9 i
2 G0 Ty 999 CYCLEY 13
b - Y924 CUNTINUE CrCLEy le
IF(ICAV.UT.0) GO TL 69]} GUL 690
o, FMAXRO, GUL (13}
: U0 692 [M=} NOY QUL 692
FMAGECAEY (CPFL(IM)) GUL 693
IF (FMAGeLTFMAR) GO TU 8Y9¢ UL 694
FMAXRFMAG GoL 09%
INVXS M GuL 696
692 CUNTINUE GoL 097
00 694 [(M=m|,n0Od WL 098
' 093 CFFL(IMIBCFFL (M) /FMAX GO 699
WRITE(6e066L) FMAX GOL 100

66481 FUOKMAT (/7/74TM  CUTOUT FIELD AMPLIITUDES mAVE HEEN UIVIUED oY o GutL rol .

X Fdebe//) 6oL Tu2 .

691 CUNTINUVE GUL T03
wHITE (7)) (CUL]L)ellm]}oNOY) Ut 704
REWIND 7 oL 7499
LF (eNUT HESTRT LANDS INITIGU TU 030 . WL Tve
READ (8) (CFIL2(I1L) s 1231 sNUB) s RUUM,LUUMZ » UUUMI ¢ NOUUMe SAVE wiL 797
REwiINY 3 GOL 108
630 SUMENWS0.0 GUL 109
ICNTay 6oL Tio
NwTAaNKTO/ LG GUL 711
N TSNP TY/ 6 GOL re
' NWTCONP TSeNw M8 GUL 713
{ N TOaNP TS/ 2 V| 714
] WRITE (6+6%51) QUL 141 )
. 093 FORMAT (4om0CUTQUI FIELU COMPANISUN TU VETERMINE AVGAIN/) oL Tie
wl[TE(6e/]) LUl nr
11 FORMAT (10MY POINT 20A312  CURNRENT shRel2HM PREVIOUS seXeler  GUL 718
A PERCENT /10m TESTED soAsi2m  vaLutk s4Xe 12N VALUE *  BUL 719
KoL oSN CHANGE/ /) oL 120
ICEXS=0 . UL 121
0V 69 1AHCaNWTB e lTCoNWTA GO, 122
i ICnTsCNTo} : GUL 123
ERNSH=0 . oL Tds
DUMSCABS (CFFL L LABC (NsTU=L) ONPTS) ) GOL 2%
DUMESCABD (CF [L2(1ABCe (INWTU=1) *NPTS) ) GO 126
k IFCaNUTNESTNT ANV INLITIVUME S| (0 HL 127
: [FIDUME NEsVe) ENRSHE {UUM=UUME) /UUNME wuL 1¢8
IF LAGY (ENRSM) 0TV LU) [CEAYSE| L 129
SUMERRSENRSMO®Z o SUMENNH LUL 130

i WRITE(60050) 1ABC /N TV s UUMIUUME s ERNSM LUl 131 o
090 FURMAT (ON CUSM(oLl3eiMeeldoiM) s0Ks1CeDe0A00L2eT0TXeEPFOL) oL 132
! 65 CUNT[WUE ooL 133
{ ' IF (ABC(9elol) otle To eORINLIEREUeVsANURAUTUENDGU)?) WU TU 69 oUL 136
IF(ABC(S91lsl) eiele) LU 1) OB oL 13%

ENHSSaSUNT (SUMERNRY ICNT) L 136 .
AVC 3 .8 = EWNSS S04UTICY]l  lue
I1F (ENRSS 6T eVe6) AVCEUL2 UL 138
IF (eHRSSelTeell AVC = ,/ SUWTICY) 183

138




WRITE(6+010)ERRSSAVC

040 FORMAT(//71TXe29MF [ELD AVERAGING MAS DEEN USEU/L1UAe LUMNMS LHRONSe

o8

1%
69

063

[ L2
.11V

602

o6

1 FleoeSKs2HAVCUSM USEUSFY.e//)
CONT [NUE

DU 7S MAS]4NUB

XAN 3 CABSI(CFFL(MX))

RAULD = CAgS(CFIL2(MX))

CFFL(MX) & CFFL(MR) ® (AVC®AAULU*{le=AVC) ®RAN) / XAN

MY 3 N]TERe]

READ(T) (QUL2)slZ=)eNOY)
WEWINY 7

WwRITE (60063)

FORMAT (12X ¢ 3INCUNVERGENGE TEST FIELD COMPARISON/)

[CEx=y

SHERKSEQ .V

ICnT=Y

WRITE(6eT]1)

00 660 [ADCSNWTHINWTCoNWIA
ICNTs[CiNTe)

ERMEBY o

DUMBCAHS (CUL[ABC* (v TU=) ) NP TY))
OUMESSAVE (ICNT)

SAVE (JCNT) s0Un

IF (oNOTHESTRT ANV G INITIUUMER] .0
IF (DUME (NE . Ve) ERNS (UUMeUUME) /UUME
IF (ABS (ERR) 4T Ve 02) [CERZ]L
SMERHBERR®E2 ¢ SME N
WRITE(60661) LABCNW IV sUUMeuUME »ERNR

FORMAT (ot CULsIIo iMoo 120irM) s8R 0Gi2eDeaXke0LLeSeTRe2PFOL2)

CUNTINUE
IF{ICEXS.EWe L) [CERS]
ERRSSBSUNT (SMERN/ ICNT)
WHITE(6+662)RRSS

FORMAT(/1SA ¢ LBRRMS ERKUR PUR CU BeFde4/)

WRITE(S) (CFPLITL) oldBLonUD) s AKIABC (Jolel) sABC el l) sMYsSAVE

RewINU 8

WNITE (0066) (AEC(JIVCXolol) 2 JVCXBLen)
FORMAT ( /7821
X HAVE JUST deeN PExFURMEY /99n

deAM UlaA

S YPUS FleLD AveRALE / 2Re90iden /7 )

WHY 3 FALSE.
oU TU 999

UVERLAP

INTENPULATIONS Fux Tk FIELU OVER DIBLAMSQVRLAP

AP0

C000CPVCIP0 0002300090000 080500000v0000080809004000000008000800000000

[3-1V]

5t

192 FUNMAT (/773K ¢21M YUUR UREGINAL FLELU (s [601M®y (3939} MAS GEEN REGKR
LIDDEU TU A LARGEN SIZE (eleein®s[dendm) 10 GIVE IHE FIELY MUNE RUO

INCREASE THE NuMHEN OF GWLIU PUINIS FuK CUMPLEX FIELU

READ ( INOREGRLD)

NPISS = WPy

NPYS 3 NPY

[FINGRU T «enPTS)IGU TO 191

G0 TU /3e

CALL HWGHU (NG=D)

NUY = NP TSoNMY

WHITE (G 1S2INPTISeNPYSeNK [ SenNPY

2 TO WU LTS THING//Z/)
GO Tu Y9y

0000000000020 0000000090000 0088000004300000880000000005000000000000

9

ous

740

130

RESONATUN CUNVENGENCE TEST
NETER = NITERe])
WHITE (00609) NITER

FURMAT (/77739 inlS IS Imt COMPLETIUN OF [TERATION #13 /)

IF(INIT.ANQ 4 o NOT«RESTRT) wu VU T}y
IFleTLINIT) WO TO 7¢0

30 TO 730

wCynGgs0 40

GO T0 7120

READ (9 (CFIL (1LY o [28) eV

REwinG 9

PCYNGSO LV

0V 760 [Z=]NOB
PCYNGSPCYNGOCFIL(IZ2) *CONVU(CP IL(IL))
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GuL
LS
oL
GuL
GuUL
SUMTICY]
S0uWr7CYL
SUE7T7CY}
GUL

GUL
LS
GuL
UL
6oL
6oL
UL
6oL
GOL
GOL
oL
6L
VUL
UL
GuL
0L
6oL
GuL
GOL
QUL
GUL
woL
GUL
6oL
(VN
LoL
GUL
GUL
GuL
Gl
UL
GOL
oL

wL
GuL
oL
euL
UL
GuL
UL
UL
UL

169
Ts8}
162
Te3
Teo
lde
185
180
T80
Ta7
Tes
169
1950
791
792
793
7%¢

796
1597
758
199
160
761
162
763
Tés
165
166
167
768
169
170
171
1ve
773
174
178
T7e
7
718
779
T80
781
T82
Tel
196
T4s
T4e
e’
188
789
190
191
192
793
Tve
79%
19¢
797
798
799
800
801
802
803
806
ao0s
406
a7
408




740 CUNTINUE oL 809
{ PCYNGSPCYNG® (A (2) =X (1) ) #9029 (NP TS/NPY) GuL 810
IF INREGe2Qel s UM NHEGoEWe2) PCYNGEPCYNG/ nNUWO®2 GoL 8il
T20 PENRSL L0V GOL 8le
[F{PCVNGGT o0 0) FERASPPU/PCYNG=] 40 L 813 .
IF (AYS(PERR) «GT+4007) [CERm| S0Q7T7CY) 187 -
PCYNUKSPCYNG/ 1000, GOL a1s
WHEITE (6¢ 750) PPWK ¢ PCYNGK o F LXK UL 816
790 FURMAT (JUX+21MFLUR CUNVERGENCE TEST//10XelUMNEW FLUA 240MPGLlies, 6oL 8i?

X124 OLD FLUR BeGlleve9M LERHUR BeFlee///) GUL 8i8 .
PCYNySPPY GUL 419 '
WRITE (9) (CUILLZ) o L4BLoNUY) s AoURA+DNY sN]TER GOL 840
“EwINY 9 GOl a2l
IF (1CEKEWed) 6O TO So5 oL 82
[F (ICAV.GT0) CALL REGAININCT NLITEN) UL 823
IF (INLTEN=WLT.GEIGUL(99)) GU TO joui oL P2y
READ (8) (CUCIL) v [L®mioNQOY) s XoURXIURY sNITER GuL 428
REw[NU 8 oL o926
IF (ICAV.GT.0) GO TU 99 UL 827

C WHENORMALLZATION OF INPUT »LELYU FUR UANE HESONATUR oL uee
[F (NOTJINIT) G0 TU 8& GO 829
FMAL ® Yo oL 830
0V 87 lasl.N0E GUL [ X}
IF (CABS{CUIIX)) «LEFMAK) Wy U 87 6oL 832
FMax s CABSICUILX)) GOL 833
NPYL = (& UL 834

ol CONTInuE GUL 435
u6 TESTaCARS (CUINKOL)Y) UL 836
DU 77 1xs].NOB [F1V 847
17 Cu(la) sCutlx) /TEST UL 848
50 TY 99 WL 839
L0Vl READ (9) (CUILL) o [ZBLoNOM) s XeURX oURY GUL 840
HEwINU 9 QUL el

GO Tu luwvv wuL LY n
C 0000050000000 000080000000 000000000000 080000000000000000000000090000000 wuL He 3
c CALCULATE UCALC FLUA AND MIRKUR ANU AMENIURE LOSSES oUL 2%
Y99 PPw = Q. oL (- 211
NOBaND TS ONPY UL CTY Y

VU Ts [Z=].NUE GuL 8a7 "

18 PPuapPPueCUL]2) *CUNJGICUILL)) GLL 868
PPWRPPES (X (2)=A (1)) 2020 (K [S/NPY) WL 8609
IF INREGetUWe | cORNREG L Qe 2) PPWAPPR/ NV o9 GLL 850
PEM PP QUL 491
GU TO (99809979998 9996¢997) ¢ [ONAL GoL 92
997 PHMINSPPW/HMIRN woL 853
PMIRLE (PUM[R=PPW} /1000, ouL (113
PM[RLFS (PHM [ H=Pru) /PEM[{H® Ul GuL 855
WHITE(6s995) PMINL o PMIRLP GUL (113
995 FURMAT (17 MIRNUR LUSS 2e0l2ebslMBeFde2o8n PENCENT) WL as7
IF({IGNALEW.DIGU QO 998 oL 8%8
996 APLUS® (SPPu=PUMIN) /1000, GoL 59
APLOSH S (3PPW=PEM[R) /5PPW*1 U0, GOL 860
IF(ICNTLEQe LI GV TO 998 wL g6}
WRITE (60994) APLUS v APLOSP G0L 862
994 FORMAT(LI/M APENTURE LUSS 2e0l2e00inmeFdedsdn PERCENT) GOy [ [ X]
990 PP uKarPw/ 1000, GO [ 119
1 {CT TR 3 G0, 8es
SHPusHP ¢ . GUL 866
DCALCHPRA (NPTS) =2,2K(1) X (2) GOL se7
IF(MSTEPNEL L) WHITE (6079)PPuURUCALCY G0, 468
19 FIURMAT (777381 ELEMENT TRANSMISSIUN FUNCTIUN APPLIEL/8Xe1<MDCALL FL G 809

AUR 8y Gleso/8Xs12MOCALC 89Fded ) 6oL 870
IF(MSTEPEQe LI WRITE (60 779) PPUR L N

779 FORMAT(/7/730m PROPAGATION STEY MAS BEEN APWL JEL/ 8K+ 1 2HDCALC FL GUL are
AUL 8¢ Gildeo) WL er3
MS [EPeg UL [ 1)
3623 [F (IPLUTS.EW.0) GU TU Jo2e GO ars
WRITE (603645) (GNOTIICNTLeL) s [m]420) "0 N ate
CALL [PLOTLIMLUTS) GUL 877 "
IF ({GATENEe0) GU TU 3Je2Y WL 878 i
JOaS FUNMAT (2SML PLOTS AFTER SIEP e0eeee ,.)A4, GHOGeRee) [\ TN are
Jode [F(PPw.LEeUeIBU TO 732 GUL 8480
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—— ———

30285 [F(anUTeiNITIGU TU 98 GoL 481

GO TQ 1000 GuL #82
505 WRITE(6+600INITER GLL 883
60U FORMAT (/7 L2U(1InS) /769N TIERATION IS CUNVERGED AFTE GUL 886

X Relaslan [TERATIONS //1c0(Lln®)//) GOL a8s

[F(KAUTUeEWe i1 G0 TQ 98 L 886

GO TV lo0vo GUL 487
900 WETURN GUL 888
132 WRITE(6073]3) ot 889
133 FURMAT(//7/81m ALL ®IGHT TmeRed AIN T NO POWER IN THIS mMERE SEAM A GUL 890

ANG TmE REABUN wé RE ALL HExE/DarM 13 PUWER SO THIS JUp IS WING GUL a9

ATU LEU AND KILLED QUICK /¢4m SOeCHECK [NPYTeee /77) GIL 292

STUP UL 893
T36 wr{TE (69 /73IS)NGROINPTS GuL 896
T35 FURMAT(///3A420M%A%AOR®  VALUES UF NGRO (elesleM) AND NPTS (el6e  GUL 895

150M) MAKE THlS UPERATIUN YnNELESSARY UN WHUNG ®X®XeX®///) L 896

STuP LuL 497

ENY wuL 899

14, SUBROUTINE INTERP

a. Purpose -- Subroutine INTERP performs linear interpolation on two-
dimensional real functions and on the real and imaginary parts of two-dimen-
sional complex functions. Figure 32 describes the subroutine INTERP organiza-

tion.

b. Relevant formalism -- Consider first the one-dimensional case in
Figure 33. Assume the function value f is desired at a point x*, between

points x, and x,, with associated function values fl and f,, respectively:
- -~

1 .

Linear interpolation between fl and fz yvields f as

(x - x,)
! (£, - £ (108)

£(x*) = £ G xpy (2o )

where the = is used since we are approximating f over the subinternal

(xl ’ x‘)) .

-
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- e

‘ INTERP >

Y

INITIALIZATION INTERP. 2 ——e= INTERP. 29

LOCATION OF DESIRED
POINT IN THE GRID INTERP. 30 —e= INTERP. 43

REAL INTERPOLATION INTERP. 44 —==- INTERP. 56

i

COMPLEX INTERPOLA-

TION (TZ IS ASSUMED
SINGLY DIMENSIONED INTERP. 57 —==|NTERP. 79

AND REAL)

RETURN

Figure 32. Subroutine INTERP organization.




f .__—__—.. a—
1 . /—T
" §
f(x) :
t— 5 —~
X, x* X,

Figure 33. One-dimensional function case.

For the two dimensional case in Figure 34, subroutine INTERP establishes
' the location of the far corners of the rectangle bounding the desired point
P (x,y), then linearly interpolates across top and bottom to find the two
values at x. It then interpolates between these two points to find the value

at (x, y):

‘e

12 (x,.y,) &>, = f(x,,y,) (109)

L 4

|

!

|

! 2 (x,, v, ) =>f, =f{x,,v,)
‘H etc

. al {x,y) Position of

! Desired Interpoiate

|
1

Figure 34. Two-dimensional function case.

S
‘ {x - x;)
] - 1 (fy - £2) (1100
) f(x,yz) = fTOP f3 - = xl) 1 3
I
|
(X = ‘1)
. £0x,7)) = fgorron = f1 ¢ o <) (f, - £))




§
L)

: En) = faorrom * |7 vy | " (Froe - FeorTon

c. Fortran

0 nonsymmetric

of the interpolate.

There are no commons and no other subroutines are called.

Computer printouts of subroutine INTERP follow.

SUBROUTINE INTERP 76/176 OPT=1 FIN 4.6+452 04/27/79

SUBRUUTINE LInTEMP(TAYsALINeY INeTLoTYPRILZoNSYHM)

IS wOUiIINE DUERS A LINEAR [NMIENVOLATIUN ON THE
ARRAY TZ TU FINU THE vALUE ZZ AT AINs YIN
THE(XeY) GRID OF T2 IS CUNTALnEU IN 1Mk ARKRAY TaY
AS FoLLuus:

TAY (L) @ DRaSPACING deTwEen X PUINTS

TAY(2) 8 UYSSPACING HLTwEen Y POINTYS

TXY{J) 8 NYy W0, OUF PUINTS ALUNG Y=AAlY

TAY () & NXs NU, UF POINTYS ALUNG A=AR]lS

TAY () Yille MINg ¥ vALUE

rxv(.-uv) S YINY)e MAA, Y vALUL

TRY(9eNY) = A(l)e MINe X VALUE

TAY (aoNYenA) 8 A(NR)e MAAe A VALUE

OO0 ONCO0Nn

Arguments:
;~.
TXY = an arrdy containing coordinate information
(XIN, YIN) = the point at which the function value is desired
TZ = the function to be interpolated
TYPE = 1 real
= 2 complex
A = two element array containing the interpolated
value.
Note: If TZ is real, ZZ must still be dimensioned to
2 in the calling program, then the first element used
k as the answer.
: NSYM = 1 symmetric,

Note: Interpolation outside the region of definition

of the distribution returns (0.0, 0.0) as the value

12.23.47

INTENS
INTENP
INTENP
INTENRR
INTERP
INTERP
INTEMP
INTERD
INTERP
INTEne
INTERP
INTENP
INTEMP
INTENP
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9
10
11
1
13
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15
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ND IS MAX, UIMENSION UF FIRST VAR[AGLE [N TZ2(l4J)
TYPE = | T [$ WEAL ANRAY :
s 2 TZ 1S COMPLEA ARRAY

LEVEL 2y Tiedl

DIMENS IUN L4ty IXY (L) ol L(L)

INTEGER TYPE, CUMPLA

CUMPLEX C2Z0CL19CL29C2I3¢CLa0LLANLLB

DATA COMPLX /7 2 /

DX = TxYt})

VY 3 TXY({2)

NY 3 TAY{3)+.00001

NA s TXY(4)*,00001

Zitl) = v,

22(2) = .

TEST TO SEE [F AINGYIN LIE wilrminN OeFlney TL REGION
IF(X[HLTTRY(SeNY)) GO Ty 1000
IF(X{NeGTTXY( denkoNY)) @O TO 1000
IF(YINeLTTXY(S9)) GO TO Lugy
IF(YINGST 000 e ANUNSTYMLEQeLl) GV TO LU0V
IF (YINeGToTAY (NY*®) cANDsNDTYMEUY) GU TU L1000

FIND POSITIUN OF (XINeYIN) IN GHID
I1 8 [o(AIN=TAY(DeNY) /0K
J1l 3 Le(YIN=TRY(S))/0Y
IF(LleEdeNK) [lulle}

IF (Ul eEWeNY JANDNSYMeEWU) JlBULl=]
SA 3 (AIN=TXY(]je0eNnY))/UA
SY 3 (Y[nN=TAY(JLle4))/UY

FIND T2 VALUES AT 1lell®ledlevlel
IF(TYPELEQ.CUMPLA) 6O TU ¢uv

TZ IS TREATED AS REAL ANKAY
1J 8 [leng®(Jl=])

L1 8 TLUED)
22 a3 TZ(lJdel)
1Jd 3 Jlenkety})
IF (J1leEUWenY) lusiyeNa
23 s 12410
6 3 T2(lJel)
IA 8 [)eDX®(L2=L]))
28 3 L3sSA®([a=l])
LL11) 3 [AeST®(lB=lA)
GO Ty luue
200 CUNTINUE

TZ 19 TREATED AS CUMMLEX ANKAY
1J s TYyPe®(|lena®(yl=i)) = |
21a s TZ2(LY)

Ll s TZilyel)
ClL = CMPLXALLLA218)
22A = T.(lyeed)
228 8 TLULJed)
Cl2 = CMPLAL2A0I2E)

IJ s (yPe®([ienr®Jdi) = |
IF (JleEWeNY) [usiy=nReTYrL
L3a s 1L0LN)

238 = TZ(lJel)
CL3 & CMPLA(LAA0 230}
lea s TL(1Je2)

208 5 T2ULyed)

Cles = CPLA(L8A0L00)
ClA = ClleSa®1(L2=CL))
Cly = CLI*SAO(CLO=CLY)

CIL = CLA*SY®ICLB=(2A)

LLi1) = HEALICZZ)

2412) » AIMAGICZD)
1000 RETURN
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INTERP
INTERP
INTERP
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INTERP
INIERP
INTERP
INTER®
INTERP
INTERP
INTENWP
INTEWRP
INTERP
INTERP
INTERP
INTERP
INTERP
LNTERP
INTERP
INTERD
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP
INTERD
INTERP
INTERWD
INTERP
INTENP
INTENP
INLERP
INTENW®
INTERD
INTERP
INTERP
INTERPD
INTENP
INiENP
INTENRP
INFENRD
INTERP
INTERP
INTERP
INTERP
INTERP
INTEN®
INTERP
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15. SUBROUTINE IPLQT

a. Purpose -- Subroutine IPLOT has two major purposes: One is to create
a printer iso-intensity plot. The other is to find the maximum intensity and
to print the first title used by subroutine OUTPUT. It also contains the
necessary information used by both subroutines OUTPUT and OUTPUR to determine
whether a particular slice plot should be printed. Figure 35 describes the
subroutine IPLOT organizationm.

T

TR W T e

Tl

b. Relevant formalism -- The output of this subroutine is an array of
one-digit adjacent members with at least one asterisk, which indicates the

ARGk

maximum intensity points. The numbers indicate relative intensities.

Lkt

<. Fortran
Argument List

The only argument of subroutine IPLOT is the parameter IPLTS which con-
tains the information needed by OUTPUT (and OUTPUR) as well as IPLOT. IPLTS

I “illed with zero to five digits, each of which is 0 or 1. If it is O,

t.e indicated plot is not done; if 1, it is plotted. Assuming that the five
digits of IPLTS are written ABCDE, the associated plots are:

Radial {calls OUTPUR - not available)

Iso-intensity
X-axis slice plot

Diagonal slice plot

m o O w 3

y-axis slice plot
Common Parameters:

The only common modified is CFIL due to its equivalence with US, the
intensity array. The other parameters have then usual meaning including
PLOTSG.

Recall: PLOTSG > 0 -~ intensity slice plots

0 - no plots
< 0 + amplitude slice plots
Subroutines called: ANUTPUT, NUTPIM

Computer printout of subroutine IPLOT follows.
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{PLOT

|

INITIALIZATION

A

DETERMINATION QF
WHICH PLOTS ARE TO .
BE PERFORMED

FIND THE INTENSITY
ARRAY AND MAXIMUM
INTENSITY

i

150 INTENSITY PLOT
FOR NPTS -64

|

150 INTENSITY PLOT
FOR NPTS _64 (ALSO
WRITES OUT
COORDINATES

A

CALL THE APPROPRIATE
SLIG PLOT PROGRAM
USING AMPLITUDE OR

INTENSITY INFORMATION

Figure 35.

|

( RETURN ’

LRCP1 22-e={_ROP1. 43

LROP1, 44-==| ROP. 57

LROP1. 58-==_RQOP1. 67

LROP1. 68-==LROP1. 79

LROP1 30-e={_ROP1 85

LROP1. 86-=__ROP1. 105

Subroutine IPLOT organization.




SUBROUTINE IPLOT 76/176 OPT=1 FIN 4.6+452

NON

29

300

~00

500

wenNn

ve

A

04/27/79 12.23.47

SUBROUTINE [PLOTLIPLTS) LRUPL
ISO=INTENSLTY PrINIER PLUI LNUPL
THES HUUTINE MAKES A PRINFEM PLOT UP INTENSITY oMEWE THe viGil LNOPL
PRINTED ® Ly IS DECILE OF PeAr INTENSLITY FUR ThAT cLoMen(. LRUP L
LEVEL 29 CURUS LNUPL
COMMON/MELT/CUR(ICTO8) sCrFILILOD12) oA LL2H) sWLINPTOINPY sUNAIURY LRUPL
CUMMUN/ wAY/WNOW ¢ NREGoRAP R LRUPL
CUMMUN /¥LTSIG/ PLUTSG LMUPL
VIMENSIUN US(1aJ388 ) [1(15) LrUPl
INTEGER L1 +BLANR OUT LHUP L
LUGICAL ISUIPIRAALS+OIAGeYARLSeNAUPL LeUPL
CUMPLEX CFlL LHOPL
EWUIVALENCE(CFILt 1 1wusSC L ) LRUPL
DATA LBCUR / onn 7+ IBCUAZONA / LHOP1L
IF (PLOTSGebQe0s) KWETUNN LNUP)
IHURA218COX WHUPL
HADPL I 3o ALDE o LHOP)
ISOIPs.FALSE. LRUPL
XAX[SB.FALSE . LHOP)
DIAGEm.FALSE,. LHOP)
YAA[SE.FALSE . LROPL
IPLsPLIY LHOP]
IF (IPLWLTL10000) WU TO 29u LRUP]
RAUPLT 3 (TRUE, LROPL
[¥L = [PL = 10000 LRUP)
IHURX = LBCDR LROPL
IF ([PLJLTL1000) GO TU 3wy LHUPL
1501Ps,THUE. LROPL
IPL = [PL = (P10 LROP)
IF ([PLLT.luU) GO TO &0U LRUP )
XAK{S & oTRUE. LRUP}
IPL = [PL = 100 LROP}
IF ([PLLTW10) GU TU Su0 LROPL
D1laGs ,THUE, LROP1L
{PL = [PL = 10 LROP)
IF ([PLWNE.U) YAXI[S2.TRUE. LRUPL
Pis3.l41992 WwRUPL
OxsX(2)=A(L) WROPL
XO[M20XONPTS LRUPL
NUBENP TS O*NPY WROPL
AFACTa}l, LRUPL
IF (REGeEUel sURNHEGEWZ) AFPACTS| o/ WNUwOe? WRUP |
UMAXsU. LRUPY
00 1 JsmleNQB WROPL
USILI® (CUR(2%J=])®e2 o CUNILOJ)®®Z) & XFACT LNUP)
UMARSAMAAL (UMAXGUSL 4 )) LROP)
IF (0T IS0IPY GU TO 94 LRUP1
UMAXKSUMAR/ 1000, LHUP ]
IFINPYLEL66) sR[TE (695) JRUNX LHUPL
FURMAT I9A¢A) ) WROPL
IFINPYLEL08)B0 TU 99 LRUPL
DU & JBLINPTS LROP L
DU 2 IslNPY WHOPL
[2 2 0 o ([=))onwTS LROPL
1541)8)0e0US( [2)/UMAN LROP}
aR[TE(603) (LIC(L)e[mlonPY) LRUPL
FumMAT(  IXel281L) LRUPL
GV TO 94 LeuPl
D0 1& usiynwpisS LRUP L
DU 12 IsienpPy (IS
12 8 J ¢ ([=]))eNPTS WNUPL
FECI)SL0e®uS( [2)/UMAX WHUP L
wHITE(6e13) AGJIetLL(L)olmlonrY) (W (V] JY
FORMAT( LReFLl0e202R0001)) LNUP |
ARLTE(Be0) ADLIMs UMAAKsURA sURY LRUPL
FORMAT (LUMD UCALC ® +GlleSe0RsTH[MAX 3 s0llen//20R LROPL

I9nTHE CENTER UF THE otAM 1S LUCATED AT

(oFBedoiMeeFOedeim)) LNUP

e2
e3
Z6
2%
<6
[
48
<9
30
3l
Je
33
e
a5
36

a8
39
.0
»l

LX)
LY
L]
6
a7
8
49
20
S1
52
$3
Se
5%
S¢
57
58
59
60
[ 7}
[T
63
(.13
(1]
06
o7
68
69
70
14}
72
73
T4
7%
76
7
18
19
40

[T
43
ge
L} ]
[T}
a7
(1}




IF (PLUTHG6Te0s) GU TO 19u0 LNUP) 89

[F (NUTRAUPLT) welfk toel) LHUP L 90
T FURMAT | (WDl ) 9
A9UNLAMPLITUVEs PHASE PLUTTRU IN THt A=UIKECTION THRUUGH THE CENTE LNUP]L 22

AR UF UCALC (JsNPTS/¢) LRUPL 93
UMAXASSUNT (UMAX) LHUP | 9%

GO Ty 1920 LHUP | 1 1)

1500 wRiTE (6+780) LMUP) %
166 FURMAT LROP1 97
X90nLINTENSITYs PHASE PLUTTED [N THE X=0LRECTION THHUUGH THE CENTE LRUP] 98

AR UF DCALC (usnwisSs2) LKUP| 9
UMAXA 3 UMAX W[V 3 100

1950 IF (NREGevVE s 0o ANUPLUTSGeLTe0e) UMAXASUMAAA®WNOW W) 101
IF (NREGeNE .U e ANUPLUTSGowT eV} UMARASUMALASWNOWe S LRUP ) 102

IF (oNOTRAOPLT) CALL QUTPUT (CURINPY sNPTS X e JoUMARA I RAR [S 90 [AGY LHOP] 103

X YAX]IS ) LHUPL 106

IF (RAUPLT) CALL QUTPURICURINFY oNPTSeAsUMARASAARIS U LAGeYARLS) LHUP L 108
RETURN LRUP) 106

END LHOP) 107

lo. SUBROUTINE KINET

a. Purpose -- This subroutine calculates the kinetics and loaded gain
in the gas dynamic laser cavity. It is called by GAINXY for either small
signal gain calculation (along a single stream tube in the x-direction) or
full field loaded gain along several stream tubes. Figure 36 describes the
subroutine KINET flow chart.

An intensity field NIC and previous gain field CAN are brought in from
GAINXY and are updated by recomputing the kinetics and gain in the cavity as
a function of these updated fields. The population rate equations (i.e.,
the equations showing the rate at which the energy of each vibrational level
is changing) are numerically integrated along the x(flow)-direction. This is
continued along the x-direction until the end of the calculation region
(IXMAX) and is then redone for each stream tube in the y-direction (if full
loaded gain is requested by IFIELD # 1). The full gain field GAN (I) is
then updated.

The assumption is made that the flow area of the cavity is constant

through the region of interest for all kinetics calculations.

b. Relevant formalism -- Gain is calculated in the x-direction from
nozzle exit plane to the end of the region of interest IXMAX at a constant v
value, as shown in Figure 37. This is done along only one mid-cavity stream
tube for small signal gain calculation and at every v-value (IY) for the full

field loaded gain calculations.

149




S1IRYD MOTS LN sutinoxqns  “g¢ dandy .

A v
AXNIVD) NOH11ONOD
01 NYN LY Z01-= G6'LINIY IONVYNOSIY
WHIJ HO4 ST1IAN x ol
m. Ly
R ;B

MNNOING. AXNIVSD  ouy N JIX (N NYY

[ D N0 prirpein OLSA13td ALISNIENI e, —-- 71 NI SNOILIONOD JINVYNAG

OWH IHI 31V TIN)IVIIY

AN INQ) PPIEIII0T) NV NIVD J11HM
S - — IVILINI
J (=29 L INDI Nw-“u . :u>w“
AL LN H3ddN) 3 MIN ILNINOD

[ANE NIANE L) NOILDIHIQ A NI 38N 1*
Wy IYLS IXIN O] 0D

¥+ AT1VYH 0L Ina
G(—=-19°1 ININ I+ (ND3 3 IVHINID)

NO Q3Sva IV I1NINOD
ey fig eug — - .»I:ii.i’é [‘

150

XYWX!
i SNOI]IINDD) NO G3SY8
Of L —= GZ1LINIY ﬂuw: HO4 _m\: 09~= 85 LININ| (SNOILY INAOd) SHOH INI

v - xqwmfz;z_ WNIYBI TIND I I1NIW0D
SZ1—e ¥ZL 1IN _! WI1SH M3N 31N4W0D ; 31V

‘ LSTLANI ] XVW /L 431S NOILYIND
VD 40 INIL T 3LNINOD

£Z1== 0ZU'LININ —H NIVO 31NdW0) iu H

L G == b7 L ININ OWHIH L ANV ALISNIEINI

X SuOry SUOIeNDJ Jley (uoNeINdoy) 161au3 aley

[}
(V1= £01°1ININ NOILINNS 3JVHSINDY ONY NIVD 371 TVILINI .,
Q3INIOVOHE I1NIW0OD _ »
1
* ® SADHIND H
001 == £0LLINIY OAO3'0A3 S13AT1 3 FE=LULINDIL - any Nivo OWY ML fe—————-— :
YIMOT MIN 3LNdWOD SLNVISNOD 3ZITVILING i
i

Q v
AXNIVO 11105) page )




(s i A e A A i

y——“

Figure 37. Region of interest IXMAX.

Rate equations are set up for each level which describe the energy in

that level.
dE dE] [dE] [dE]
<= upper = |- A + == (111)
It 3 WP ) N 5
dE (dE] dE [dE
= lower =j-—— + =T + ——] (112)
dt dt], 9%y L9t)s k.
dE dE [ 4E]
= 9% = 13l * lTE (113)
It 2 53 I e N {

The energies of each level EN2, EOOV, EVOO and EOVO are updated at each iX
step, i.e., the AE change is computed and the corresponding heat addition

(local temperature change) is used to compute the energy in the subsequent
step.

The stimulated emission energy rate can be used to determine local
intensity change and, hence, gain. Energies of levels are described by

population densities n, and n ¢

dI
J

T = hv “nu Mo O ptpe (0= |y 2t By oy Yo B I”)‘ (114)

u#l (

151

o




where I is the specific intensity at the frequency v: n is the population

* density of the upper level; n. , that of the lower level; Ao the Einstein co-

L'
efficient for spontaneous emission: B

and By, ur Moo
functions for the three respective processes, which are generally different.

UL’ the stimulated emission coefficient;

for absorption. The quantities n and gLU are the line shape

Characteristic times for the spontaneous decay of low-lying vibrational
states for molecular species of interest are of the order 107! to 1073
second, whereas other rate processes are typically much faster. Hence, in
the equation above, the spontaneous emission term generally can be neglected.

Also, for the present analyses, interest focuses primarily on photon pro-

cesses occurring at line center. At line center §,,. = n, . Thus,
dIv
= = h \ - 115
3 o) By myBryny) Too (119)

The factor multiplying Ivo is the optical gain coefficient, viz:

= hvaUuo g n -8 .n (116)

The Einstein coefficients are connected by the relationship

(<9

B
LU _ "u (117

Bt 4

where d,, and dL are degeneracies (statistical weights) of the upper and lower

U
states, respectively. Also, it is possible to write

RLul (118)
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where RLU is the quantum-mechanically-derived transition matrix element.
% Hence, the gain expression may be rewritten as

L 3 2 n n

8n’  fvo L _ L 119
SuL = 3W (c ) Ly (“0) Riu ‘ 73 (119)
or
2.0 3 L ni.i
v 8 vo 21 vj _vi 120
85T E fw o [ful [dvj dvﬁ] (=0

Consider vibrational-rotational transitions of the form
-
(v+¢1, 3} = (v,0)

where v is the vibrational quantum number and J is the rotational quantum

number.
Then
2 2
IRLul = Sj le, veil (121)
1 where:
S J for P-branch transitions (i.e., J' =2 J + 1)
‘ , J ® J + 1 for R-branch transitions (i.e., J' = J - 1)
4
Rv’ vel * vibrational-transition matrix element
r’i At pressures of a few torr or less, transitions are predominatelv
f

Doppler broadened. At higher pressures, the combined influence of Doppler
and pressure (Lorentz) broadening is present. Therefore, the line-shape
' factor ﬂLU (vo) is represented in terms of a Voight profile such that




|
%,
v b 2 L
Q m
‘; < PLulv) =(ZWKT) exp(s) erfe (&) = (ﬁ%‘) o) (122)
3 . K 201 _ 100 (123) |
] %+ %) ’(H) Goo1 = foor * WD) Srge - I (MD) oy |
3 (8,,04) 020 ‘
02°0 (892
, . 001100 a28)
€Oy - C0;  10.5 x 1071 e
001 «02°0 (125)
ag - = = >
€0, - C0y 10,2 x 1071 cn®

EA——

The influences of Doppler broadening and vibration-rotation interaction

have been taken into account.

where

a
§=-RyIn 2 , (126)
ap

v

a_ = pressure broadened (Lorentz) half-width

' n
7C Zs Vs Xs o

a. = Doppler broadened half-width

‘ Loy 2kT(1n2)
2 m

C
i Vg is the mean relative velocity &/2kT/M) between the emitting molecule and
ﬁt the colliding species; Xq is the species mole fraction, 9 is the broadening
cross-section due to the impacting species s; Vo is the transition frequency
{ at line center; m is the mass of the emitter molecule; and M is tre reduced

mass between an emitter molecule and the collider molecule of species s:
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The optical gain coefficient may be rewritten as

3 4 n /I n
v - 8~ m 2 vel,J v,J 28
8D = 3 ('z‘ﬁ&') (88, ,Rv,wl { P (128)

Here the quantities V and J in the expression g(V,J) indicate the lower
levels of the transition.

In treating the populations of the vibrational-rotational levels, it is
assumed that the rotational mode can be described by the local translational

temperature T. Hence,

n

-1.45 - yls
_ v,J . dJ exp [ 1.43¢ J(J+1) (Be 1e {(v+ _)/T} nv
LR T e

TOot

(129)

where Be is the spectroscopic rotational constant (cm-l), and a_ is its

(v) s
TOot
tion, which is evaluated according to the relation

anharmonic correction. The quantity Q is the rotational partition func-

Qe (V) = ; (23+1) exp (-E . (J,V)/KT) (130)

The populations can also be represented by:

oy L (20 )
ans nva = nV [—-Q_(W-] € kT Tot (131)
TOot




R R
. L s

e e

R Il Batar o T

v T __
rot b (V)

-

rot

n
A R V. (-Jgﬂ))a )

ng gV rot
n
\ /
— =1 exp (-¢ /T
g, 090 LA v)

For the transitions
€0, (001,J) ~——= CO, (100,J%1)
CO, (001,J) =mmmmmmme CO, (0290, J£1)

the pertinent constants are:

Ro01,100

18
Rpo01,02%

5(00L) | 5 35632 &
rot

a002°0)

= 0.56106 K
rot

o(100) _ 9.56078 &

Tot
9001 = 3380 K 9100 =
9020 = 1850 K

= 0.03351 x 10°'% esu-cm

= 0.0295 x 107'% esu-cm

OV = characteristic temp. of
state

T = vibrational temperature of
state

, represent degeneracies
SV gVS P g

1997 KX

The expressions for the gain coefficients on two transitions are




3
gégg’j = (0.79 X 10° My lnl(1 - 0.0044m)T 2 n Xs00 m[(0.55632)
- (‘fso - J(I+D) (o.ssssz/T))- (0.56078)
001
exp (X2 - 5Tt (0.56078/T)
100
1 3
80203 = (0.63 X 1071%) |m|(1-0.006m)T z, Xo00 ¢
(0.55632) exp (B2 - J(J+1) (o.ssesz/r))
001
-(0.56106) exp (‘%350 - TR (0.56106/T))]
020
wherem = -(j + 1) J' =J + 1 (P)
m= J J'=J-1(R)
n = total number density =E%
Xooo = mole fraction of ground state CO2 (from program)

J' = 0:2:4)6)

For largely pressure-broadened line, # may be expressed as:

Argument List

| XIC

! GAN
TXMAX

.75 _1.875 _ 6.5625 _ ]

b 1 1 - 9—'—5. +* 0 >
s/Te £2 4 £ 8

The field (matrix) of individual intensities in the
calculation region

Gain (updated) of each of the point locations of the field
Number of points in the flow direction
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(132)

(1353)

(134)
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foton s ol ol b s e

oy

Llboniben .

(1%

LM o g

DXCAV
IFIELD

IY

The distance between points in the x-direction

Indicator for small signal gain (IFIELD = 1) or Loaded
Gain (IFIELD # 1)

Number of flow streams, i.e., points in the y-dimension.

Commons Modified

ao0n

/PROPT/
TS Static temperature in the cavity (K)
PS Static pressure in the cavity
s Gas velocity (cm/sec)
RHO Gas density (gm/cc)
RHON Number density (particles/cc)
/ENERG/
EN2 Energy (population) of the V = 1 level of Nz
EOOV Energy (population) of the asymmetric stretch vibration mode
EOVO Energy (population) of the bending vibration mode of CO,
EVOO Energy (population) of the symmetric stretch mode of CO,
/RATE/
RSTIM Rate for stimulated emission.

SUBROUTINE KINET 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBRUUTINE KINET (X[Co0ANS LAMARORCAV [FIELDWLY) KINET 2
CO¢ XINETICS WOUT[NE RINET 3
THIS ®HOUTIne CALCULATES GUL LAIN (lU.) AS A FUNCTION OF KINETIC  KINET .
ANY STIMULATED EMISSION EFFECIS, KINET )
LEVEL 29 RICrGAN KINEY 6
CUMMON/PHUPT/TSePS eV slHU sHRUN S CH s GAMMA s H o B ¢ XLAME + HNU 9 CPHM RINET '
COMMUN/START/TS1ePSLavIsEOUVLIILUVULVEVOULIENZTVGAIN] NINET 8
CUMMON/MULES/ XN s ACUR v AM2U v ALUY AUZ KINET 9
CUMMUNZENERG/ENC oL UUVEUVU L VU AINET io
COMMON/RATE/RNZ 2 HCI s RC2 s HPUMP ¢ NS im KINET il
CUMMUN/FACTER/ XU e AG 9 GCUNIRUTUP oMU TLUIHCURR W C KINET 12
OIMENSION GANE 1 ) oRICL L ) eSUEVILIYW) RINET 13
IF(IFLELD <£Qe 1) LYw) KINET 14
IFCIFIELD okUe 1) CALL ZENMUIALCK 1 )oALC(l0386)) RiINET 15
IF (IFIELDWNE.L) GV TU 17s RINET 16
00 173 IZEnUslel6386 RINET 17

173 R1CUIZENY) = O, RINET 18
L7s F3 8 2,309E)u/Mnu RINET 19
Fo = |, I88EL0/MNY KINET 20
FS 3 damMaen KINET el
Fo s XMW/AG KINET a2
F7 3 XCUd®R3e9, KINET 23
0V 200 Jel.ly KINET 2
TS s IS} KINET 2%
PS = ¥S] KINET 26
v syl KINET a7
GAIN & GAIN] RINET a8
MU 3 PS/R/TS®],013E0 ‘ RINET 29
RHON = HMO/AMW®AG KINET 30
T2 = Y59.8 / ALUG(1.eACU®1338,/E0VV]) svu7iCYl 188
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EGL = EQvVOl + EVOO[ KINET 32
ENE & ENES RINET 3
EVL0 3 EVOOI KINET 3e
Euv0 = £0vyl RINET 3%
EvOov s EvOVl Rinet 36
X = 00 KINET 37
SUMOEV = 0,V KINET 38
18an = 0 RineT 39
XCAV & 0.0 KINET g
10 [8arR = [BARe) KINET e}
5 XCAV ® QACAV®(lgAR=L)eUXCAv/Ee KiNET 2
; IF(XCAVLLTA) GO TO 100 KiINET a3
' CALL MIX KINET o
: 20 Gl = GAIN KINET 45
) Fl & EXP(3394./T15) KINET 46
.o F2 s EXP(3380/TS) KINET o7
' IF (18AR.EQ.)) GU TO 6 KINET 8
. IJ & (XSURCAV/2,.) 7UACAY KINET 49
L [P a [JYely=])®laMAr KINET 50
. XL sX[C( [¥ Jo(XIC( IMel)ag[Cl [P ))/VACAVE (Aa]JoDACAVe (DACAY/24) KINET Si
; x) KINET 52
; G0 to 7 KINET o3
f 6 X[ & REC(Lo(Ye}) SIAMAK) ®X/ (UKCAV/ L) KineT Se
L 7 CONTINUE RINET 95
r SuMl = SUMUEVY KINET 56
k OF & 1./(7,00AMARL (RC2sNPUMP oRST M) ) KINET S7
; EUN 3 ANZ/(F) “le}®g3dle KENET S8
B EWUOV = ACUQ®2369./(F2 “ls) <INET 29 ;
; EUUVY 3 ACUC®L 3344/ (EAP (999,87 1S)=1,) KINET oV ;
f AA 8 ) .eEN2/EUNZ KINET ol
f XY = le=eQOV/EWUOV ninet 62
i EFSL 3 =25.9/T% RINET ©3
| YA 8 lewio/F) Kine? o4
1 Yo 8 le=l./F2 RINET b
f KAB 3 [ o/Ya®(RA=RB=(LPOL*XA® (AG=)o) )/ (F] “led} RINET 66
, XA00T 3 =YASXCUZLOXABOHPUMY KINET o7
: AQUUT 8 YURANCOEAP (=£PSL) *AAYOHPUME KINET L1
VEN2MP 3 (ENC=EUNQ) *HNZ®Y | RINET 69
DENZ & EQNZEOXAUVUTOUT ¢ OENgMM KINET 190
Flu s XI®GAIN/RNUN RINET 71
DEVOVR = (EQUV=eQQO0V)®*RCI®UT RINET T2
DEUUV = DEUUVN «(F3I8FluecQuuvexsuul) syt RINET 13
DEUVO s (EUVU=EQUVY) *RC2eUT KINET Te
VEGL & UBOVU=]oU9400ENCMP=| , UBOOUEVIVN=Fe®F LYoy KINET s
Lnvd » ENZ2-DEn2 KINET Te
EQUV = EVOV=VEUUY KINET 7
EG, a EGL=LEGL RINET 78
SUMOEY 8 SUMUEY ¢ UEJVUPV®{ ,987E~1o"NNUN KINET 19
DA s veDI KRINET 80
X = X & UX KINET 81
PS = PYe]l,0lJEVE KINET 82
DEV = DEUVO/OT® . l967/ES KINET 83
Q » YOV/IFS *(S)=1e0 KINET LT3
PP 3 DEV/CP/TS KINET [ 1}
vV 3 vepR/geyeyT sinet L)
AN = HHUPH/QoNROeY | RINET 87
RMUN 8 AMU/Fo RINET a8
PS & PSIPSIRPOGAMMAL (Qe),) /Rl KingET a9
! TS s PS/RHU/R RINET 90
! PS 8 PS/1.01386 KINET 9
' CHIZ2 = ~9%%,u8/72 RINET 92
, vs CHI2 KINET 93
2) 3 EXPUIT,11/15) RINET 9%
! 3l F8 s ExPley) Kingt 9
! F9 8 EXP(=2,0Ye77,71/TS) KINET 9%
FA 8 EGL=KCOL® ([ IB8e/ (FA®FRlla| ) e)di0./(FB=],)) RINET L 24
' FPL 8 XCU2®(2776.9F 3/ 1F9=|,)99201334,°F8/ (FB=],)®®2) KINET 98
! FPR 8 =FP) NENET 9
. YULO = ¥ KINET 100
‘ Y 8 YULD = FaA/FEX KInNET 101
[F (ABSUIY=YULD) 7/ Y).6Fe Lot=3) W TV 31
T2 3 *2999,8 /7Y
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Tl ® }380e/(1336e/12 ¢ S6u/15) KINET 10

EVUU & LJI88.%XCU/ LEAP(LY9Te /T1 ) = 14) KINET 10s

EUVY & XCUR®L334e/ (EAP(99Y,.48 IAFIEIYY] KINET 106

Cri2 = ¥ ’ KINET 107

CHILl = 24 ® CHIZ = T7.71) /7 TS KINET io8

Wl 8 Le/tle=BXPI(CHIL)) KINET 109

A 3 Le/ile=tXPICH[2)) KINET 110

Wd 3 BOUV/FTe}, KINET 111

T3 8 «3380,/AL0G( e=1e/Q3) RINET 112

X0u0 s xCO2/ (Qloud*ue®ul) RINET 113

APAD = CPHMORMUN KINET 1le

WUKM 3 ,8326°APAL KINET 115

IF iwuNM,Teluel WO TO @0 NINET Lie

PHL 3 EAP (WORM®®Z) SLKRF C (wUKM) ’ ; KINET 117

GO Ty s} KINET L8

«0 PR B 0,07768/APAD AiNeT 119

o1 CUNTINUE RINET 149
TFACT = iS8e(=],5) RINET 121

GAIN = uconirFACIONnON'luuofVHI?(.550'Exv(-3380./73-“0'0?/TS) RINET 122

R =eDOI%AP(=]1997,/T1=ROTLU/IS) ) KINET 1<3
BIGSIG 8 GCUNPTFACTOPR]I®EAN (=NUTUP/ [$) .56 RINET 1de

RSTIM 3 X[®3[GSIG/nINU®) &/ KinET 145
IFtALELACAV) GU Ty 20 KINET 126

LU0 GAN(INMAN® (U=))*[XMAR ) = VAIN=(GAIN=GL)®(X=XCAV) /DX RINET 127
SUEV | [BANR) 3 SUMDEV=(SuMi=SUMDEY) ® (X=X(AV) /UX KINET 1¢8
[FiIdaAR.EWs [XMaX) GU TU Juu KINET 129

6u TO 10 KINET 130

300 0V 301 [ = 1lslxmax RINET 131
301 xIC(Iely=l)®iXMAR ) 3 SDEVI(L) KINET 142
200 CUNTINUE . KINET 133

c 00 60 JslelyY KINET 1de
[ wHlTE(8¢209) IXIC I o) slmlolAMAX) RINET 13%
C wHITE(60403) (GANLL9J) o l3]y [AMAKX) KINET l3s
C 60 wilTE(6+204) (SUEVIL) slsLslAMaR) KINET 137
C ARITE (64201 ) XeEN2oR OUVEUL KINET -lde
(o AR [TE(6e202) ISePSeVerMUY KINET 139
C 201 FURMAT (SXe26nmar[NET== XsENZIELUOVIEULISK10ELS.5/) KINET 140
C 2U2 FORMAT (10X e20n=aK[NET=e TSerFSeVIRHUIWISAISELS.S/) RINET 18}
C 203 FURMAT (LUK ) iHmaK [NET== GAN/S(L0EL2ee/) ] KINET 142
C 2V6 FUORMAT (LUK oH==K[nkTo= S0EY/9(l0R12.4/)) RINET 143
C 2US FURMAT (LUK i9MeeF [ELD [NTENSIIYe=/S(L0ELea/)) KINET 146
RE TURN ) KINET 145

ENY KINET 160

17. SUBROUTINE MIRROR

a. Purpose -- MIRROR applies a mirror transmission function to the
complex field which may include reflectivity, clipping, radius of curvature,
edge diffraction imaging, small tilt, astigmatism, localized surface distor-
tion, and overall spherical distortion. In addition, two specialized options
have been included: (1) a toric mirror effect for axicon optics and (2) a
mirror dimple effect which enables a localized difference in radius of curva-
ture. Figure 38 shows the subroutine MIRROR organization. Computer print-
outs of the MIRROR subroutine begin on page 168.
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CALLED FROM GDL

IF DISTF < -10.0, EDGE
DIFFRACTION IMAGING
WILL BE USED

F‘out' Rin > 0.

TILT ANGLE WILL BE
APPLIED HERE IF ANGX
< 100 urad. AND . ANGY
< 100 urad.

DOES RADIUS OF CURVA-
TURE CHANGE WITH
TOTAL POWER? IF SO,
DELTA>0

LOCAL POINT DISTORTION
DUE TO INTENSITY
DIFFERENT FROM
MIRROR CENTER WITH
ASTIGMATISM

LOCAL INTENSITY
DISTORTION WITH
NO ASTIGMATISM

NO LOCAL INTENSITY
DISTORTIONS; ASTIG-
MATISM ONLY

Figure 38.

MIRROR

APPLY EDI

CALL APRTR
(SEE APRTR
SUBROUTINE)

|

MIRROR TILT

!

POWER DEPENDENT
SPHERICAL
DISTORTION

]

FLUX DEPENDENT
DISTORTION WITH
ASTIGMATISM

\

FLUX DEPENDENT
DISTORTION WITHOUT
ASTIGMATISM

J

ASTIGMATISM
ONLY

161

EDI. 1—e=EDI. 30

MIRROR. 19 —==MIRROR. 21

MIRROR. 22 —== MIRROR. 55

MIRROR. 56 —==M|RROR. 113

MIRROR. 114 —e=MIRROR. 141

MIRROR. 142 —e=MIRROR. 156

MIRROR. 157 —==MIRROR. 171

Subroutine MIRROR organization.
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The routine first tests for the option of edge diffraction imaging in

which the outer annular edge of the mirror has a radius of curvature dif-
ferent from the mirror. When this option is used the MIRROR subroutine must
be called separately to apply EDI.

The subroutine must be called again for the rest of the mirror.

The routine then apertures the field to the size of the mirror and
applies small mirror misalignments (angles less than 100 microradians) to
the field. For large angles, the angle information is stored in ANGX and
ANGY which are located in common MRPROP and used to later determine the
location of the center of the field. The field itself is not altered for the

large angles.

b. Revelant formalism -- A distortion-free mirror is applied to the
field in Figure 39 by changing the optical path lengths of the field points.

For example, applv a convex mirror to a plane wave.

| :
IIncident
| Phase Front o
Mirror { %
|
I i
l !

\
\

\
\ Reflected J
| Phase Front |

]
!
/
/

/
/

\
Mirror

Figure 59. Mirror transmission function relative to the
complex field.




Note that the field at the edge has traveled 260 more than the center.
The size of the sag &§(r) (Fig. 40) at any noint r can be found from the
sag formula:

2 2 _ .2 (135)
(R, - 8)° + r° = R,
s LZ 2 x* + y
2R R

Figure 40. Graphic representation of SAG.

Thus, to make the center of the field lead the edge by a factor of 250,

the following transmission function is appljed to the field:
) 2 2
= i<——-—" T (136)
u (x,y) = T(x,y) u(x,y), T(x,¥) = ¢ c

The sign convention used is a negative radius of curvature for a convex

mirror. A concave mirror has a positive radius of curvature.

In addition to curvatufe, the MIRROR routine can apply power or flux
dependent distortions to the field.

The power dependent mirror distortion can be aprlied given the center-
to-edge maximum sag, DELTA, determined by design power, PWRDES. The incident
power is then calculated and the sag reduced by the ratio of incident power
to design power. For a ratio greater than one, it is assumed that the sag
is that of the design power.
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The flux dependence is applied assuming a distortion factor, DISTF,

which weights intensity changes from the center of the field and thus applies

an intensity-dependent phase factor to the field.

Astigmatism can be applied to the field in conjunction with the local-

ized flux-dependent distortion or can be applied alone. Astigmatism is

included if PHIAST is input (as a number greater than 0). PHIAST is the
angle between the mirror normal and the optical axis (in degrees). The phase
is altered by astigmatism by computing separate (sagittal and tangential)
radii of curvature for the mirror and applying to vary the X and Y component
of the phase field, respectively.

Argument List

ANX Mirror tilt in.x (about y-axis)

ANY Mirror tilt in Y (about x-axis)

RADC Radius of curvature of mirror (cm)

RIAOUT Outside radius (cm) ;
RIAIN Inside radius of annular mirror (cm) !
XPOS X-direction offset of mirror centerline from optical

axis of beam (cm)
YPOS Y-direction offset of mirror centerline from optical

axis of beam (cm)

RFL Mirror reflectivity - fraction 0.0 - 1.0

DELTM Total power spherical distortion factor

DISTF Flux distortion factor - local intensity distortion
£(T10cal = Lcenter)’ (cm/w/cmz)

PANULS Radius to annulus for toric mirror option

RYOUT Outside Y-dimension (from center) for a rectangular

mirror (cm)

RYIN Inside Y-dimension (from center) for a rectangular
mirror (cm)

PHIAST Angle of beam with respect to mirror normal (deg)

Relevant Variables

AKY 27/WL = 2n/) where m = 3.14159
ANGX Accumulative x-dim angle to trace field in cavity
ANGY Accumulative v-dim angle to trace field in cavity
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nrep Cosine of phase change
CUR Real array representing the complete wave amplitude
field, i.e., Intensity (J) = [CUR(J) ] 2. [CUR(J-I)] 2
DELTA DELTM, total power spherical distortion factor
FMF Square root of mirror reflectivity
PHASE Phase change at each point of wavefront
b PHI Phase change in TORIC MIRROR and DIMPLE calculations
f pPw Integrated power on mirror
s RADCUR Negative focal length of mirror { -f)
: RMSAG Sagittal radius of curvature (astigmatisn)
4 RMTAN Tangential radius of curvature (astigmatism)
SINP Sine of the phase change
WL Wavelength, X
1 WNDW Magnification factor for scaling power
‘ XX Xz; x-component of location, squared
YY YZ; y-component of location, squared

Commons Modified

/MELT/
Array modified CUR(I) 2  MIRROR 50, 51, 98, 99, 139, 140, 167
/MRPROP/
Variables modified: RADCUR 2 MIRROR 115
ANGX @ MIRROR 25
ANGY 2 MIRROR 26

EDI (Edge Diffraction Imaging)
Power near the outer edge of the beam that would have been ordinarily
lost through diffraction is partially recovered by incorporating a separate
‘ radius of curvature in an outer edge annulus, as shown in Equation 137 and
) Figure 41.

W 2 2 2 :
A¢p = n (x "’Y) ‘Rin /REDI

2m
Wnﬂ-T
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Figure 41. Edge diffraction imaging.

The real representation CUR of the complex amplitude field is modified
as follows:
K2 = EVEN NOS
K2MI = ODD NOS
Real Part: CUR (K2)
Im part: CUR (K2M1)

CUR (K2-1) (sin @) + CUR (K2) (cos %)
CUR (K2-1) (cos @) - CUR (K2) (sin @)

This array is modified in the same way by the phase changes throughout this

subroutine.

Mirror Tilt (<100 prad)

86 = -2 [ANX)(X) + (ANY) (y)]%‘i (138)

where
ANX => tilt in x-direction ~ radians

ANY => tilt in y-direction ~ radians

Power Dependent Spherical Distortion

This part of MIRROR subroutine calculates the phase change due to total
power induced spherical distortionm.

2 2
b 2 [Lx_ix_L] (139)
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aiaiane ki diCE

where

2
R = R out/253

(Scaled

for Power)

and § = DELTA = MAX (Center) DISTORTION

DELTA

pELTA‘Y) [ Pincident
Pdesign

out = Center to edge mirror radius

(1) this is the input DELTA=DELTM
Flux Dependent Distortion (No Astigmatism)
Flux Dependent Distortion + Astigmatism

2 2

1. -1
2 '
20 s B fE— L | L Es (1-Ref 2 XY
SAG AN (WNOW) ™

where

RSAG = RADC/cos ¢ast

and

RTAN = RADC (cos ¢__.)

ast
where
RADC = radius of curvature of mirror (cm)
] = beam-mirror angle radians = PHIAST «
AST 180
ICL = Mirror centerline intensity
IXY = Local (X,Y) intensity
WNOW = VAMP uower correction factor
81 = Flux distortion factor (cm/W/cmz)
Ref, = Mirror reflectivity

1. -1
26 = X 5 (1-Ref) 2 L_x»
(WNOW)

where,

SI = Flux distortion factor (cm/w/cmz)
5
ICL = Intensity at mirror center (W/cm™)
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5
Ixy = Intensity at coordinated x,y (W/cm™)

Ref = Mirror reflectivity

WNOW = VAMP power correction factor

Astigmatism (Only)

2 2 2
X
8 = | & TR - (142)
SAG  RTan
where R
SAG = RADC/cos ¢ ast (cm)
and
RTAN = RADC (cos ¢ ast) (cm)
where RADC = radius of curvature of mirror (cm)
Poist = beam - mirror (astigmatic) angle
= PHIAST i
55)
SUBROUTINE MIRROR 76/176 QPT=1 FIN 4.6+452 04/27/79 12.23.47
SUGBRUUTINE MIRRUR (ANA s ANY s AUC IR TAUVT o [AINoAPOY ¢ YPUSerPLIVELTMy M RROR 2
A ULISTFodANULSoRTUUT oRY [NePRLADT) CluasTy -}
[ MOUIFLED nY JCC Lize/s79 Ty mare CUMPLEA MULTIMLY MURE EFFLICIENT,. MiHROM L}
C MIRRUR THANSMI59I0N FUNCTIUN MERRON 9
C 1S ROUTINE APHLIELS A MIMHUW THANSMISSIUN FUNCIION 10 fre M{RRUR 3
C CUOMPLEA FIELVe THE FULLUWING EFFECIS ARE INCLUVED: M {MRUM 14
[+ 1o EUGE ANU CENTHAL UBSCUMAT LUNS MIRROR ]
C 2e MINWUR RADIUS UF CUWvAiUKe M RROR 9
c 3¢ MIRRUR REFLECTEVITY M LRROKR W
< 4o PWUWER DEPENDENT ULSTURTLUN M{RRUR it
c 9¢ FLUA UBPENURNT ULSTURTUN MINROR 12
c 0e TURLC MINNUN RADIUS UFP CUNVASUNE MAINROR 13
LEVEL 2+ Cun LIC L le
CUMMONZMEL T/ZCUR(IZ2T608) sCFILI1091¢) 24 (128) e WL oNPTSeNPY sORA ¢+ UNY " IRRUNM 19
COMMUN/MRPROP /RAUCUR s ANGA ¢ ANGY M IHROR 3
CUMMUN/ JAY/ wNOW o NRE.G o AW TR M LRRUN 17
CUMPLEX CFIL CUNR2 [’
IFIRLAVUT sEWe 00 ANURIAINGEWCU ) GV (U 70 MIRRUR 19
IF (DISTPeLEe=10e) GU TO SV (]} 1
CALL APRTIR(MIAQUT ek {ALINGAPUS o YPUSsRTUUT oRY IN) SUAPH 38
C 00000000000 0090000000 "l"ao“ ‘l
C e0e MinROR TILT AQDETION THRQUGH STATEMENT Ny 90 00000000000 M[{NRUR 22
c 0800000000 000000000 ﬂln"o" ‘J
70 IF (AYS(ANA) obbe o30VI0U caND. ABSTANY) +LE. 2000100) WU TO 71 MIHRUR 26
ANGABANA®2,0 ¢ ANGX MENRUR 25
ANGYSANY®2,0 + ANGY MIKRUR 26
71 DELTASDELTM M IHRUK ar
FMFaSURT (RFL) MINRUN a8
AKY 8 2,0 © 3.(8(%9 /7 wi MiRRUR rL)
Pl s 3.l0l1%9 - M LRAUNM ET]
PWHFAC = 0. MIHROR 3
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T

Ty

DISMAL = 10000V,

PPy 80,

P, T1 = =jpu0vy,

PWROES = 500000,

IF (RANMULS +6Te UeIGU TQ OV

IF (R1AUUT JLTe 0e) GO TU 200

IF (AUS(ANR) +GE+e0001U) +URe ABSIANY) oGkse «000L0)) GU TU S
IF (ANR «EUs Do ¢ANUe ANY oklde Vel) WU TO 90
00 60 U = |,nPY

Jis (J=1) o NPTS

DU 68U [ & LoNPTS

TILT = ANX ® A(]) ¢ ANY ® 2(J)

PHASE 3 =2,0 ® TILT ® ARy

K2 8 ¢g® (] ¢ yl)
RéM] 8 K¢ = |

SING = SiIN (PHASE)
CUSP s CUY (PmASE)

CURS s CUR(KEM])

CURIREML) 3 LURSOCOSP = CUmiRE)*SINM
80 CUR(KZ) 3 CUNSPS NP o CUR(RE) *CUSHP
50 NOY 8 NPIS ® NPY

VELMAX 3 U,

VELIN = 0,
Cooee sevese
C e000000 pPOWER DRPENUENT <ADIUS OF CURVAIUNE CALCULATIONS ARE  eddede
C 002 UN ,ee0 PHASE 3 2 P1/LAMUALA®OZ oY®02/2 R) gnesescess sedece
C *%9e 1 aF(UESION FOWERs INCIVENT POmeRe CENIER 10 LUGE UEISTUNT [UNeee
C #9000  ,nkKrE VESIUN PUweR s Pwrutd tecse
C ceoe INCIVENT PUWER = wrw teece
C seen MAA Co TU Eo DISTURTIUN = yUeLTA becee
¢ eeove J FURURAM 1} = 1o e 7o (2212 ]
c '0'.00000.000...'..QOOOO.Q..OQo00'.'00'00'0'000.".000'00.0'0.'05'0000

DELIN 3 ULELTA

IF (DELTA ke Ue oUNe FMF obtus ie) WU Ty JO
IF (QELTA JLle Vo) WU TO Qv

VELMAA = AGS(UELTA)

C 0%0csesvneescscssee Seo0e L2l L4224 2 d 2l
Coetese pOwER  SCHEOULEL  LENTeR ~ TV  wULE VISTURTLION édedid
CO0000000000000400000 socee e0000ddenitcde
0V LIS [sls n~UB
¢ s 2|

IS PPw u PPW o (UKR(]2=1)®®2 » CUni{lc)®eg
PPw 3 PPw @ (K(2) = Alli)eeg ® (NPTI/NPY)
IF (NMEU oEWe 1 oUWe NNEUL obue 2 ) PPW 3 ¥Puw/WnUwesQ
[ PuNFAC = PYBER [N BEAM ZULSIUN PUREN
PuMFAC = PPw /PurUES
IF (PWRFAC o6Te lo) PWRFAC sl
DeLTA = PURFAC © LELTA
GU T0 21
20 OkLTA = AHSIVELTA)
21 RAUIUS s(RlAUUTe®2) @ PLl/(wl ® ARY ¢ DELIA)
NUC 3 =RADIUS
eTa s AKY /ROC
HSU ® RIAQUTeeQ
00 23 1 ® )y NPY
YS§ @ Ril)eeg
VO 23 J = Ly NPTS
ANG ® YSU o R(y)ee
IF (aMG «3T. RSU) GO TO ¢J3
PHIMIR 8 ETA ©® ( YSY ¢ X(Jy)eeg )
Iy s J ¢ (1 = |) ® NPTS
1J2 = 1y * 2
1JeéM)l = (Je = |
SinNP 8 SIN(PRIMIR)
CUSP 3 CUS(PRIMIN)
CUNS s CUR(1u2M}1)
CUR(L1UMl) = CUMDOCUSP = Cum([J2) oSNV
Cur(1J2) s CURSO®SINP ¢ CUNRILJ2)*CUSH
23 CUNTINUE
1F (LELIN LTe Vo) WO TO &5
WRITE (6089)
89 FOMMAT(/779+20% 9 39MPUWEN SCHEUULEY MLIRNUR UISTURTIUN
WRETE (6990)HUCs DELMAX. UtlLTAs PuwntaC

M{HRUR
MIHRUR
MIHROR
M{RROR
MIMROR
" RRUN
M 1RROR
MLRROR
MIRROR
MLRROK
MIKRUR
MIRROR
MIRRUR
MERROR
ML RROR
M LMROR
MINRON
ML HRUR
LTG0
MIRROR
M IRROR
MIRROR
MIRAOR
MIRRUR
- RRUK
MIRRUR
MRRON
MAHHUN
MENRUN
M {RRUR
M {HRUKR
MIHROR
MiRRUN
M RROR
MERRUN
M HRON
MIRROR
ML RRON
MIRROK
MIRRON
MLIRAROK
" {NRUK
| HROR
M RROR
M I NROR
MIRRUN
MLRAOR
M iRAUN
M ERRUR
"L RRUN
M IRROK
M [HRONK
MINROR
MRRUN
M INROR
NIRRUR
M [ RROKR
LI
MIRRUN
MINROK
MEHRUR
MINROR
A | RRON
MLiRROK
M[RROR
N NRON
MIRROR
M HRUR
MIRAOR
" IRROR
LI L[}
MIRRUN
MINRUR
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90 FURMAT(/7+39M POWEN INUUCEU RADIUS UF CUNVATUNRE s

A3 MARIMUM CENTER Tu EvLE ULISTUNTIUN B +4G1l2.D5¢2MCMe/
A39M  APPLLIED CENITER TO Euuk UISTONTIUN 8 +Gl2eD92MCMe/
2390 FRACTION OF OeSIuN MUwer [NCIUENT 8 +6Ll2eSe//)

GV TV 30

Q9 WRITE (8e9])IVELTAWRUC
91 FOMMAT(//7920A9 ) 8NMIRRUR OLSTUNTION /7

AJ7m APPLLIED CENTEM U EUuk ULISTURTIUN = 00G12.992MCMe/
Kelr DISTURTIUN [NOUCEL WAULUD OF CUMVATURE 3 9Gl2a99<NCM)

30 [F(ABS(HADC) «GTolle) ARYHSAKY/HAVUC

RAUCUNB=nAUC/ 2.

IP (PHIAST JkUe VeV) GO TU 390
PR a( #rlAST ® Pl)/]80.
HMBALG 3 HAUC /7 CUSIPNLR)
HMTAN 3 RAUC ® CUS (PRLR)

Id5v CunTINVE

NPBNP (S/¢

NUEXE (NP=] ) ONM TS onNp

IF (FMF2Qale0eaNDUISTFEUeVD)IGU 10 10
ALPMA 8 | J0=F Mf 00

VELF=QISTFOALPRA

OELF230ELF*2.

XICLBSCUR(Z2ONUL A=) 092 o CUN(LONULA) *o¢
IF (AHS (HAOCUR) sLToe3) GU 1V 2
whUwSu=l .0

IF (NKMEG okWa | ¢ORe NREU JEUde ¢ ) WNUWSUBWNQWES?
Jd = U

D0 1 LalenPY

YS9 = X([)eeQ

D0 1 JmleNPIS

Jd ®JJ e}

JIZ 3 JJ * 2

JueMl = JJ2 =~ 1

ALAY 3 CUR(JJ2ML)®92 o CuUKiJUC) ®*®2
VELLSOELF 2 (RICL=X[AY)/wNUwDUY

JF(PHIAST (Eue Ue0) GO TU wUU

PHASE = AKY®(( A(J)®92 /MMSAL) * (YSW/KMIAN)) =AKYeUELL
GO TU &9

400 PHASE 3 AKYR®(R(J)®®2 + 15w ) = ARY®URLL
«05 CUNTINUE

SInP 3 SiIN(PRASE)

CUSP = CUS(PmMASE)

CURS = CUR(Ju2M1)

CURIJJUZML) 8 ( CURSOCUSP = CUR(JJZ)®SINKP )} & FMF
1 CumiJJy2) 8 ( CURS®SINP * CUN(JJUC)®CUSP ) © FMF

IF (PHIASTNE eV DI wRITE (600dV) RMSAGIRMTAN

©dU FORMAT (/90==ASTIGMATIC PraSE ABBERATIUN APPLLIED wlTHe=e,/,

R2OA 9 0=aSAGGL TAL MIRKOR HADLIUSS @ 4L 1D,/ MP/
A20A ¢ ®==TANGENT LAL MINRUR RADIUSS ®4E1De/¢®CMey/)
RETUKN
2 Jy 5 0
00 3 [slsNnPY
VO 3 JalINKTS
i B Jd ¢ ]
e 8 Uy *2
JidMl B JJ2 =~ |
ALAY 8 CUN(JJIEML) o9¢ o CUR(JJE) ®9¢2
DELLAVELF2O(RICL=K]AY)
PHASE 8 ARY ® [ epELL )
SIP s SIN(PMASE)
CUSP s CUS (PnNASE)
CUNS 8 CURiJJEML)
CUR(UJCML) 3 ([ CUNSOCUSP = LUMIJJUL)®SINY ) & FMi
3 Cuniuve) 8 ( CUNSOIINK ¢ CUM(JJZ)*CUSP ) ® FmF
e TURN

10 IF (AUS(RAUCUN) oLTee9) NETUNN

JJ = Y

OV 11 i=lenpy

Y9G 8 R(i)e8y

VO 11 JolenMiy

i 8 JJ ¢ )

[F(PmiAST ekWevevILU TU a8V

0G12eD92MCMe/ ¢+ MINRUN

MIRRUR
M RRON
MIRROR
MLRRUR
M{RROR
MiRROR
M RROR
M RAOK
MLRROR
MLIRRON
Cluasiou
CloasTy
cluasie
ClUASTG
CluasTe
MiMRUONR
LICLU T
MIHROR
MIRRUR
M INRUR
ML RRUR
M IRROM
M NRUR
MINRUR
MLRROR
M RRON
MRRUR
MIHRUR
MERROK
" LRRUR
M [KROK
MINROR
M NROK
M{RROR
CluaSTe
CivasTe
ClUASTG
civastu
Cl0aSIy
M ERROW
M{RROR
MINRUR
M HROK
MIRROR
CLUASTG
€l0AST6
CioasSTG
ClUASTG
MIRROR
MIRROR
MIRRON
MIRRON
M IRROR
R INROR
" [ RROR
M [ RO
ML RRUN
MIRROR
M HRUK
M [HRONR
MIHROM
M [RRUR
M RROR
M iRROR
M HROK
MIMROR
MLNROR
M [HROR
" [ RROK
MIHROR
CluaSTe

109
i06
107
1u8
109
110
(9%
112
113
11
ils

190
il

13
116
19%4
118
119
120
141
122
1¢3
14e
125
126
127
128
1¢9
130
131
132
133
13s

le

15

17
18
136
137
138
139
140
19
20
a1
22
le}
16¢
163
146
108
160
167
168
L9
150
isl
1%
193
196
15%
190
197
158
199
160
161
102
23




PHASES AKY®((X(J)202/1HMSAL) ¢ (YSU/HMTAN) ) CLUASTG 26 l
‘ 50 Ty «dd CLUASTG 25 !
. ©dU PHASE 3 AKYR® (X(J)*92 ¢ Y54) ClUASTO 26 :
«85 CUNTINUE CluasTo 27 :
Jue 3 yJ * ¢ M{RRUR TS :
JUeM]l = Jug = | MIRROR 165 .
SINP 3 SIN(PRASE) M {RAROK 106
CUSP = CUS(PmRASE) MIRRUR 167
CUNS 3 CUR(JJZM]) M IRROR 108
CUN(JUML)} & CURSOCUSP = CUR(JJ2) *SiINP ; M LRHOR 169
. 11 CURIUJ2) & CURSOSINP o Cun(JJ) FCusP ! MIHRUN Ao
‘ IF (PRIASToNE« DI WNITE (6s4gU) HMSAGIRMTAN cloaste 28
! wE TURN MIHROR 11
¥ C (21T 21T XTI 22 L2122 222222222 41X 12 a4l 4122222222124 n‘nﬂoa 1]2
b C TORIC MIRROR PHASE CALCULATIONS J FURGNAM |0=6=7% oe MIRRON 173
F: c .0000..000.0.00.0..00.00.0.000.0“00.'000".00....000000'0.0...6 n[“ﬂoﬂ 1]‘
: 100 DU 106 [3l,MPTS M iRRUK 175
¢ IF (X(1)GE.HANULS) GV TOU Lue M IRRUK 176
e PHL 8 AKY © ((HANULS = A(}))*e2) / RaUC MIHROR 117
N SINP & SIN(PHI) MIRRON 178
v CUSP s CuSiknl) M IHROK 179
[ 0V 105 Jnl.NPTS MINROR 180
' K s (J=l)onpPIsS MiRROR i8]
: Iu2 ] ¢ K MRROR 182
1yg 3 1Jd * 2 ML NROR 183
IJemMl s 1J2 = | M1RROR 184
CURS = CUR([u2m}i) MLlRRUR 18%
CUN(IJ2ML) 3  CUNS®COSP = CUNI(IJZ)*SINP M INRUKR 186
109 Cuwtlu2) 8 CURS®SINP o CUN(IJZ)®CUSP M LRROR 187
1¥6 CUNTINVE MIRRUR 188
RE TUNN MIRRUR 189
C EDGE OIFFWACTIUN [MAGLING eVl 2
300 wv 3 2, * 341415926 / WL eDl
Rl = RIaAiN Ul .
RRL & R1 ®e 2 tvl S
N & WIAUUT evl ]
RHZ2 3 RE *e¢ eLi 7
DU 3i0 I=LeNPTS vl 8
XX 8 A(])eeg vl 9
DU 310 Jsl.NPY E0L 10
YYsX(J)ee2 vl Al
K 8 (Jo]l}onPiS o | gVl 12
HK = XX ¢ YY eul 13
IF (HRoLEoRRL«OHeRR LB sRNE) WU TO 340 eVl le
OLTPM] 3 WN ® (RR=RRL)/RAUC (07 i$
f K s R ®2 (D1 16
: KMl B K2 = } (X174 17
SINPRS [NIDLIPR]) eVl 10
CUSP=COS(OLTPR]) vl 19
CUNS = CuR(KgM]) eVl 20
CUR(KZML) 8 CUNSOCUSP = (UK (KZ) ®SINK Ul 2l
CUN (K2) s CURS®SINP o CUR(RZ)®CUSH eVl 22
310 CONTInUE evl 23
WRITE (0932U) NIAINGRIAQUT oRAUC sl 26
. 320 FOMMAT (10Re3Ine=aEDEVIEVIEVIEDIEVIEVIEVIED [ow= / vl <
. A CURea9mAPOULZAT IUN APPLIEY wiTH [mk FOLLUWING PARAMETERS o el 26
R/QUAeLSHINSIUE WHAULUS 8 os£19e//72UR016MUVISIDE RAUIUS ® (079 27
R ELS¢//720Ke21MRAVIUS UF CURVAIURE 8 ¢ E1De/ ) evl 28
HE TURN (T 29
¢ DT 30
c POV 0R00000000R0CBRVD000QIRIVVVCVGIVIVDNVVN0CV8003000000000 L 2 J H‘"RQH 190
C *00000 M[NNUN COLIMPLEC PHASE CALLULATIUNS J FUHGHAM lu=9=ly ééescee MIKRUR 191
C 9000000000000000000000000000000000000000000000000000000000000300dd0 M [HRUR 19¢
| U0 HMIT 3 HIAQUT oeg M | RROR 193
! V0 20y [slenPTS M [HRUR 196
AL B A{])ee MINRUNR 19%
! VU 2UY JELNPTS M RRUNR 1ve !
! YY 3 R(J)eeg ML RNOR T {
i RH & XX ¢ YV MIRRUN 198 '
IF (oGl omRIT) GU TO 209 M [ RHRUN 199 ¢
Prl =AKY ® (KReMRTT) /HAUC MINROR 200 I
K a (u=l)oNPTS M IRROR 291 i
17 {
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]
b
b

DA L

[ve 8 (1 » 1} & ¢ M HROR
liem) s (JUd = | MIRRUR
SIine s SINIPH]) LR L
CusSP s CUS(Pm]) M HROKR
CunsS = Cun(lJam)) M IRRUM
CUR(IJE™l) s CURSOCUSY = (ur(LlJ2) *SiNnw M {RROR
Cum ([J) s CURSOSINK » CumilJul) ®CusP MIRROR
2U5 CUNTImUE M IRRUR
RRT 3 - [AQUT M RUN
wHITE (606UU) RAUCInHI M HRUR
800 FONMAT (/7,20 Tt WRAULUS UF CURVATUREs ELlesoo0n ~AS BEEN APPLIED MIRROR
AONLY UFER A RAULUS UF 4P 6.3/} MLRRONR
RE FTunN M INROR
END MIHRUR

18. SUBROUTINE MIX

a. Purpose -- MIX calculates relaxation and pumping rates for use by

subroutine KINET. The time constants which describe the various collisional

processes are generated from quadratic fits to published data over a finite

temperature range. The relaxation rates are then calculated from the time

constants' and the cavity gas mixture ratio. This routine does not require

an argument list.

Relevant Variables

TC2C
TC2N
TC20
TC2W
TC3C
TC3N
TC3W
TPMP
TTRD

TTRD2

RC2
RC3
RN2

RPUMP

time
time
time
time
fime
time
time
time

T

<

T
S

constant
constant
constant
constant
constant
constant
constant
constant

-1/3

-2/3

for
for
for
for
for
for
for

for

€02 (0v0) + CO02 -~ CO2 + CO2

€02 (OV0) + CO2 - CO2 + N2

€02 (0v0) + 02 - CO2 + 02

C0Z (0VO) + H20 -+ CO2 + H20

€02 (0va) + €02 + CO02 (QVO) + CO2
€02 (0QV) + N2 -~ CO2 (OVO) + N2

C02 (0QV) + H20 + C02 (OVQ) + H20
N2 (V=1) + CO2 - N2 + C02(001)

relaxation rate for C02 (OVO) -~ CO2 (00Q)
relaxation rate for CO2 (0QV) - CO2 (OVO)
nitrogen mispump rate (pumps COZ bending mode)

pumping rate for upper level excitation

b. Relevant formalism -- The Co2 V-V and V-T relaxation rates, the

pumping rate and the nitrogen mispump rate are computed by

¢2
vl
cue
{1}
206
eur
’{'T ]
2v9
1%}
¢l
ele
243
Zlle
é1s
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where PS is the static pressure,

Xi are the appropriate species mole fractionms,

and ti are their associated time constants.

The time constants, tj, associated with the various collisional processes
are computed by an exponential quadratic fit to published data. The general

form is:

2 2 (144)
)

Commons Modified

/RATE/
Variables modified:
RC2 at MIX. 28
RC3 at MIX. 29
RN2 at MIX. 30

RPUMP at MIX. 31

Commons Modified:
/MELT/
Arrays Modified:
CU incoming & outgoing field. Field is modified.
CFTL field to which CU is made orthogonal

Figure 42 is the subroutine MIX flow chart.
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CALLED FROM KINET MiX

TIME

CALCULATE

CONSTANTS

i

CALCULATE
RATES

1

RETURN

MIX 11.27

MIX 28-31

Figure 42. Subroutine MIX flow chart.

The subroutine MIX computer nrintout follows.

s

SUBROUTINE MIX 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUGROUTINE Mix Mix rd
c THIS ROUTINE CALCULATES Mt CuZ vev AND v=T WELAXATIUN FUR USE Mlx 3
[ IN SUBROUTINE KINET mLX .
CUOMMON/PROPT/TSePS eV o RMO e RMUNICP y GAMMA ¢ R o8 o XL AMY 9 MNU » CPIM Mix Y
CUMMUN/MULES/ ANE 9 ACUL » AMEU ¢« XCU 9 RUE mix 'y
CUOMMON/HRATE /RN sNCIonC2aRPUMK ¢ RSilM LI¢3 14
TTROD 8 TS5e@(=,333) mix 3
TTRO2 = TTRy®eg LT¥3 9
[« CUR(00V) onNgs CUZ1QVO) *N2 mix 10
TCIn 8 EAR(=393.12°TTHOZ 167,090 TTRU=10,/20) mLx 1l
C CUZIVUV)I*0Lg = CU2TUVD) +02 1% 12
[ TC3I0 = TCAN mix 13
c CO2(UUV) +COL 3 CUtUVY) *eCu¢ mix le
TCIC 3 EAM(=993,990TTRDZ*CUUII®T THU=1H. 891 ) mix 15
C CUL(UUV) *M2Y 3 CO(OVY) engy mix 16
TC3W 8 EAP(2[9,899¢TTRUZ® 43951 39T INU=L,T73d3) mMix ir7
C CU2(0vO)enNg s COZ*Ne mix 18
TC2N 3 EAP (=294 .S10TTRO2+119.88° 1 THU=d,6058) MixX 19
[ CO2(0VUIoCUZ = CUReCU2 Mix 20
TC2C = EAP (=299 ,900TTRUZ*L2V.IEPTTRU=Y, J205) 1Y} [
[ CO2(uv0) *m20 = CU2em2V Mix 22
TC2W 8 EAP(319.20°TTRUZ=(I2.us®TINUC69092) mlx 23
C CO2(uv0) *02 = CO2+02 MiX 26
TCR20 8 C2P(=]19%,290TTHUL 8D JBU*TTHU=0 ,8644d) 1% 3 2%
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c N2{(Va])+C02 = N2*CUl(0U]}) Mia
IPMP 8 EAP (U929 TTRURZ=LUBIVUOTTROS 7 e0B7 ) LIP3
RC2% MS® (XNZ/TCEN*ACUZ/TCLLAN2U/ ICLwer0/T1CR0)®)EL Mix
RC3I=® PSP (XNZ/TCINCACUL/TCIL*AN20/TCIN*A0L/TCIN) @1 ,Eb Mix
ANZ = PS*XCO2/TCIN®L.E0 MLx
RPUMP 3 MS® (AN2+ACUZ) /TPMP®] Eo mix
RETURN mix
END 123

19. SUBROUTINE MODER:

a. Purpose -- Subroutine MODER is designed to orthogonalize one

20
27
28
29
30
31

i3

ccmplex field with respect to another, and to excite a higher order mode for

bare resonator mode studies. The fundamental relationships are from the
Siegman-Miller paper (Ref. 13). Figures 43, 44, and 45 are flow charts for
the Subroutine MODER Organization.

{$CONTRL IFLOW = 23},
S ORTHG, MODE =L

NAMELIST: oen
IN GOL:
(MODE, N, NITER)
o< .<-°
PERFORM
ORTHOGONALIZATION E(’s‘g'ETE'étTR“é'Og)E
(SEE FIGURE 34)

Figure 43. Subroutine MODER organization.

13. Siegman, A. E. and H. Y. Miller, "Unstable Optical Resonator Loss Cal-

culations Using the Prony Method," Applied Optics, 9, p. 2729, 1970.
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LOAD FIELD TO
8E ORTHOGONALIZED
WITH AGAINST

CALCULATE POWER
IN CURRENT
QU FIELD

CALCULATE PRODUCT
OF CU WITH CFIL

CALCULATE
PRODUCT OF CFiL
WITH CFIL

ORTHOGONALIZE

cy

CHECK
ORTHOGONALITY

ADJUST
POWER

Figure 44,

READ (50
CFIL

PoLp =

ZZleu® x?

eT =
ZTcurcriLex;?

CFT =

ZICFRIL - cRILiex)?

CU =

CT)
{==1 cFri
w(E) crne

|

cc =
SZCUCFIL(ax)?

CU =

PoLD
—B

( Tziou): x‘)'qu

|

RETURN
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MODER. 27 ——anm
MODER. 29

MODER .48 ——an-
MODER.50

ORTHOG.33

ORTHOG .34

VIODER .62

ORTHOG.37

MODER .63 ——am
QRTHOG .38

Perform orthogonalization.




MODE EXCITATION

EXCITE Lth
MQODE

Cu = MODER . 15—

1 MODER .26
CU*EXP {iL(tan T 1y/x)}
RETURN
Figure 45. Mode excitation.
b. Relevant formalism -- The orthogonality condition satisifed for

symmetric kernel calculations is

ff(x,y)g(x,y) dxdy = 0
R

where

R = calculation region of interest

(145)

f,g = two arbitrary complex fields, described here at equispaced discrete

points.

The procedure is implemented by a Gramm-Schmidt orthogonalization, to create

a new field, h{(x,v) from two known fields. Assume

hix,y) = £(x,y) + cgix,v)

(146)
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where,

g}
"

complex constant

field with which orthogonalization takes place.

1.°]
"

then _/dAgh -0 (147)
R

So
11; fgdAj
C =2 -
[ =%,

‘];fgdA
h = ggdA V(X’Y)ER

So

Numerically this becomes,

2; z: f g

hij = f.. - x.. yij) eR (148) .

Additionally, impose the condition that

, Je1? (149)
'ﬁ Y -

then hij is the new field which is orthogonal with respect to gij’ and has

the same power as the initial field f.

Additionally, MODER is structured to excite the azimuthally-varying phase
factor for the generation of higher order modes. In cylindrical coordinates,

the modes of a bare resonator may be written as:
-jls
Upe (t59) = One (T/3)e (150)

where,
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s an arbitrary (convex mirror) scaling factor

Higher order modes in bare resonators are initially excited as

, i1 tan-1 (/%) x2 . -
£ (x,y) = |7 YO £x,y) 3 1 (151)
a"
and in discrete form as
- £.. = exp }-jl tan~} (y./x)| £..
. i) 11 1}
where fii is the SO0Q complex field distribution.
. c. Fortran
Argument List:
N Integer variable denoting the calculation path within the
subroutine
N<Q excite the Lth mode and return :
N>0 Perform Orthogonalization
L Order of Mode to be excited
L=1,2, ......
Computer printouts of the MODER subroutine follow.
SUBROUTINE MODER 76/176 0PT=1 FIN 4.6+452 04/27/79 12.23.47
SUBRUUT [NE MUDER (L eReiv) MUVER 2
MUUE OISCHIMINATIUN RUUT INE MIVER 3
THIS WUULINE EATTES THE Lefn MUUE IF N (LTENATION NUMGER) IS O MOUENR .
AND SUMPRESSES LUWER AZIMUTMAL MUVES IN SUCCESSIve [IERATIUNS NUUEN s
MOUER 6
e00es  MIS CUPY UESIUNEY TU SUMFHESS L & 0 UNLY HDQG Ll=20=79 eeee MUUEN 7
®eee® [niS CUPY DESIGUNEU Tu BACLITE LelST MUVE HOU Lli=i7=79 eée muyeER (]
MUDEN 9
LEVEL 2y CU MOUER 10
CUMMUN/MELT/ZLU 1636880 vCPLLIL6D12) oA 112H) sWL o NP TS o NPY s URX s URY MUUER i
CUMMON/ WAY/wNQw s NREGsRAP TH MUYVER 12
CUMPLEX CUCFILICTCFToCC MUUEN 13
Pinld,lel592054 MOUER le
IF (NsisTo0) GO TU Lyo "QUER 1S
LPa e} MOUER 10
VU 10 [Slenris MOUER A7
XXX () MOOEN 18
VO 10 JslenPY MUUENR 19
[AIR(J=1) NP TS e | MOOER 290
YYSX(J) MOLER Q1
TSSGPTAN(AX YY) © Lp MUODER 22
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; 10 CU(IAJ) #CULIAJ) *CEAR (CHPLA (0o T)) ' MOUER 23

ak1TE(6+000) LP MOUENR 26
; 000 FURMAT(/+lum ®0e | 2 ,[],¢On MUOUE MAD HEEN EXCITED ®ee,/) MUUER 2%
3 RETURN MOUER 20
! 100 CUNTINUE MUVER r14
i READ(50) (CFIL(I)e[m]9dl92) MUUER 28 .
g REwIn0 3V MUUER 29
n 0V 80 Isl.nPTS MOUER 30
i 0V 8y Jslebe MUDEN 31
i [XJB(JoLl) NP TSe | MOUEN 32
, IAJ2E (| 28=y) *NP TS+ MQUER 3
_ Bsu CFIL(IXJL)SCFILLLIAY) MUUER 36
f NOBSNP TS *NPY MOUER 3s
; Puy.d MOUER 36
! P280.0 MOUER 37
CIasCMPLA{04040,0? nwOLER 3s
. CFT-CHN.A(D.U-0.0) mtﬂ 3’
' DABABS (X (1)=4(2)) MOOER 0
i QUDS (UX*WNQW) *920 (NP TS/NPY) MOUEN sl
[« WwRITE (00066)00DeRsCCoCToAAIP P2 LFLAL LFLAGE MOUER 2
00 20 lsl.nPTS MUDER .3
00 20 JsliNPY MOUER [ ¥
IAJR(J=]) *nPTSe | MOVER 45
CTaCT*CONJG(CUCEXJI) ) SCFIL([XJ) MQUER .6
. CFTsCFTeCONJOL(CPILILAJ)I)®Cr ILI1RY) MUUER o7
20 PSPeCU[XJ)®CUNJLICULIRVI) MUDER .3
PEreYYD MQUER 9
CCsCT*00V MQULER S0
wRITE(64004) CC MUOER Sl
6U6 FURMAT (/slan *es ((C 2,2U19.906n  ®0e, /) MOUER 52
C WHITE (64066)UDDReCCICToIAAP P2y [FLALY IFLAG2 MOVER S3
CTsCT/CF1 MUVER Se
cCact MODER 55
wrITE(6s608) CC MOUER Sé6 .
CC=CFTIepLY MQUER 97
wrITE (60806) CC MOUENR 98
OV 30 [3loeTS MQUER 59
VU 3u JsleNPY MU EN 80 H
[AUS (U= i) OnpTSe | MUUER ol _
CUCLAII SCULIAJ) =CTeCFIL([AV) MUUEN 62
29 P2uP2eCUlIAJI®CUNIGICULLAYY)Y MOLEM 63 :
30U CUNTLINJE MOUENR o6
p2=P 20000 MUUER (1) :
C WRITE{09066) VDV ReCCICTrAAWP Py IFLAG IFLAGZ MUVER L1 i
c WHITE(6:006) Por2en MOUER o7 ]
C 6UB FURMAT(/olar 000 P yp2.R 343013e500M see,/) MUYEN [T
SPPESURT (P/P2) MUUENR 9
AAs] v MUDER 70
c AASSURT (P/ (P=CABS (1) ee2op | opey)) MUUER n
WHITE(89007) AAeSHP MQUER 12
OUT FURMAT (/slan 000  ,0,S5PP 2,20i9.9r0HM *ee,/) MUUER 13
UV 44U IsleNVb MUVER £}
sy CUllIsCul])espp MUYEN %
c WHETE(0+0600)UV0sRsCCoCTrAAIP P2y [FLAUSY [FLALE MOUENR 16
C 006 FONMAT (91 DODN 892G1%eD0/ 09N CCrCTme0G15e50/ 023 Por2s IFLAGe MOUER (&4
[+ AIFLAG2 8 23G1l9%.5+211V) MOUER 18
HETUNN MOUER 1] !
END MQUER 30 !

20. SUBROUTINE OUTPUT

| a. Purpose -- This routine generates three intensity amplitude and
phase printer slice plots through the field. They are along the x-axis, the
y-axis, and the ''diagonal,"” defined by the diagram in Figure 46. Figure 47
shows the flow chart for this subroutine.




N
N
7

/ x A — Diagonal
: y Slice

»

Figure 46. Intensity amplitude and phase printer
slice plots.

‘ QUTPUT '

INITIALIZATION LROP1.108-~LROP1.136

X AX1IS PLOT SETUP LROP1.137—+LR0OP1.157
“DIAGONAL” PLOT SETUP LROP1.158—+LROP1.187

PLOT THE FIELD: LROP1.211-LROP1.251

Page (1,1) = Amplitude (int.)

Page (1,2) = Phase

Page (1,3) = Plot Symbol

{used by each of the three options)

< RETURN ’

Figure 47. Subroutine OUTPUT flow chart.
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b.  Relevant formalism -- The slice plot uses 100 available spaces per
line for plot information. The point printed shows the'percent of maximum
amplitude or intensity e.g., if the intensity or amplitude is 35 percent of
the maximum, a symbol is printed in the 35th column. Similarly the phase is
plotted from ~180 to 130 degrees with zero-phase at the center. The corre-
sponding maximum intensity amplitude is also printed out with the appropriate

spatial coordinates.

c. Fortran

Argument List

Ccu field to be plotted

NP2 number of points in the y-direction
NP1 number of points in the x-direction
X coordinate array

N number of plots (1 to 3)

(N) =1+ x only
2 + x and diagonal
3 + x, diagonal, and y

if N < 0, the constant J orders used is NP 2/2 instead of NP1/2. This param-
eter is used when gain/phase slice plots are made.

UMAX - maximum intensity amplitude of the field. It is used to
establish the field point to be plotted at 100 percent.

X-AXIS - if true, the x axis plot is generated
DIAG - if true, the "diagonal" plot is generated
Y-AXIS - if true the y axis plot is generated.
No common variables are modified.
No other subroutines are called from this one.

Computer printouts for the OUTPUT subroutine follow.
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SUBROUTINE QUTPQR 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
i SUBRUUTINE QUTRPUNICUSNPZsnr L s XA s UMAR s DRG] sURGZ DB G3) QU TPUK F3
[ NPLENPTS . NP 2INFY QU | PUR 3
1 [ THIS <0UTIne CONSTRUCTS PRINTER PLOTS OF WALJAL PROPF ILES wulPUR o
C AT THREE EWUALLY SPACEL ANULLES ARUUNY THE WEAM QU IPUNR L)
C YU TPUN 6
LEVEL 29 CUSNPLINP ) o X U PUK 7
CUMMUN /wAY/ WNQWoNHEGoHAN I VU IPUR 8
DIMENSIUN PAGE (190+3) 9CUL) 0AL}) YU TPUR 9
CUmPLEX Cu UV IPUR 10
LOLICAL VEGLIDEG2ILRUI wTPUN 1l
C PUT IN PLUTTING SYMHOLS i VU TPUR 12
DATA PUINT/ZIN®/30UT/Z 1ML/ sBLANRZ LR /Z9aPUINT/ LR/ U TPUR 13 1
ANP2 =B W2 VUTPUN ls
£ TUTAL = JoUe ®* NP2 / FLUAI (NP]L) ouiPrur 19
3 INUR 3 W2/) VUTPUR 1e
. INUXS = (2 ® NPQ) / 3 QUTPUR (¥4
P* THETL = JUTAL 7 24 7 ANP2 wutPUR 18
. THETE & fMET) o FLUAT(INUAZ) ® TUTAL /7 ANMZ QUTPUKR 19
: THETS 3 THMETL o FLOATUINDAS) & TOTAL / anve YU TPUR 20
100 Ws wW1/2 wuTPUN 3
0V JU00 K3isd VU iPUR 22
GO TO (lued0030) K VUTPUR 23
10 IF («NOTWDEGL) GU TO luou uiPuUR 2
INVEX 3 U QU IPUNR 25
} THETA = IMET] QUTPUR 26
b GO T0 1 VUTPUR 27
4 20 IF (+NOTLVUEGE) GO TO 100V WU TPUR 28
3 INVEX = [NUKZ ® NP) U iPUR 29
A ITHETA s THETE QUTPUR 30
GU Tu 1 QUTPUR 41
30 IF («nNUTCDELI) LU TU 10UV OUTPUR 32
. INUER = [INDX3 ® NP QUTPUNR 33
A THETA s IMETI VUTPUR ET)
1 DO &LV [ = lenP) QUTPUR s
-t IREF = [*[NDEX VUTPUN 30
PAGE(lel) = CARSI(CULIREF)) QU TPUN 37
DUM]l = AIMAGI(CUC(IREF)) QUTPUR 38
YUMZ 8 WEAL (CULIREF)) UUTPUR 39
IF (DUML+EUeUs0ANUUUMZEWeVe0) GO TV @12 QUTPUR 0
ol]l PAGE([+2) = ST,I®ATANZ(DUM] +LUMZ) QUTPUR [
w TO &l UUTPUR .2
0l2 PAGE(1+2) 3 GoU VU TPUR .3
840 UMAX 3 AMAXL(UMAR¢PAGE(Ls1)) QUTPUN .
WHITE (6+520) THETA UUTPUR «5
9¢0 FUNMAT (33M1 CUCLed) PLUTTED RAUIALLY AT oF7.,2991 UEGREES ) VuTPUK .6
IF (KeNEs)) LO 1O ju0l QUTPUR (34
UMAAPSUMAX QUIPUR .8
IF INREG o NE Ve ANQ o N o3 T 0 0) UMAXPSUMAL/ wNUW QUTPUR .9
1001 IF (UMARCEUeU0) UMAR 3 .0 VUTPUR %0 -
SCaALRl = 100.0/7uman WUTPUR 1
SCALEZ = 9040718040 VU TPUR 2
C PRINT AXES QU tPUR $3
wriTE (00400)UMAAP WUTPUR Se
00U FURMAT (LM ol291MUsTR792MED91320<4M90s 1980 LIMMAGNITULL (@) s TTT92M7S QUIPUR °8
®sT10Le51100 S9G1l2.6) QUTPUR E
wlITE (0+4%0) VUTPUR 57
: 45U FUNMAT (1M oT290m=]1d0¢T2003R=9WeTHZs 1 MU TH8¢ IDHPHASE ANGLE (*)sTT6 UUTPUR 58
: ©a3MeIUeTLULsane 1800 TR0 LrNs [ Ko @MAMPL s &4 s SHPHASE ) U TPUN °9
C UBE PALE(Led) AY PHINTING LINe == FINST BLANK [T YU TPUR (-11]
YU 20 L ¢ Lelue Ju I Py el
0l PAGE(Le 3] = SLANK WU i PuR 62
! C PINT A LINE FON EaCrn vALUE ub | uu rPus L X]
VO 830 | 3 LB wu TPuK 1Y
\ DU se0 L % Joluleedd Uy [PUR (1]
soy PavEiLe3) = UOT QU ITPUR 7Y
PAGE (91 eD*SCALELZO®YAGR ([og) 93} 3 AFQINT U tPuR Y4
HELAMP 8 SCULEL @ PAGR (L) VU IPUN 08
PAGE (LoD * WELAMP +J) = WUINI JuiPUR o9
X Wi {TE (0ee6/70) (PAGE (LoD sBiel06)y A(])oRELAMP WPAGL (Le@) YU TPUNR 10
J A70 FURMAT (1M slVGALeIFIe2) JutPuR n
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PAGE (15°SCALEL®PAGE(LIv1) sa) & BLANR VU PUR ra
30 PAGE (31 e9e3CALEZ*PAGE (1121 v3) 8 DLANK VuTPUN 13
1000 CUNT [WuE VUIPUR 16
RE TUKRN QU TRUN 141
c00.'....O'...0.'.00..0.0.0..00....0..'.'..00.GO'Q'.QOQOQOOOQQQOQOOOOQQC OUI'I'UN IQ . B} -
] ENY OU FPUN 7
]
E SUBROUTINE OUTPUT 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
; SUBROUTINE UUTRUT (CUINP Lo | s AsNsUMAA S AAA LS s [AGSYARLS) WROP L vy
(4 NP LENE TSy NP 2ENPY LRUPL 9
- [ THIS WOUTINE CUNSTRUCTS PHINTEN SkiLk FLUIS UF (e CUMMLEX FIELD LRUP L 110
. c ALONG (1) re v AXISe (2) ALUNG A DLAGUNAL AND (J4) ALUNG THE [N {¢ L4 1il
) C A=azly TrnQuon Tre FIELUe  Y=AALS PLUIS UNLY FUR CAVLITY PANAMETENS LRUPL 112
2. LEVEL 25 CUoieP2eNP] e LRUMP]L 113
COMMUN /wAY/ wNUNMsNREGeRAP TN LRUP) lle
k. COMMON /7P TS106/7 PLUl G LROP | 115
E CumbLex CU WHUP | lie
. LUGICAL RARLISeULAGeYAALS WHUP L 17
QIMENSION PAGE (190¢3) o JVLALILICE) vAP (JIU) s YP(]90) sCULL) X (1) LRUP) 1la
DIMENSLIUN [MAGII) o LINT(I) o [TLTLLH LruUP} 119
C PUT IN PLUTTING SYMEOLS (W {1 Y 140
VATA POINL/LA®/ 4UUT/ LML/ 98LANR/ LR /yaPUINT/ LMo/ MO LNAZ [ HO/ LHUP ] 121
DATA [MAG/ZerMAGNIeRLTUDsere (@) /o LINT/ONINTE saNS [ToonY (@) / LRUPL 122
IF (PLOTSGeG abe) GO TV LUy LRUP] 123
) POINT = POINA LRUP] 124
OV 110 [P=led LeuP ) 12%
LLO LTITLILIP)Y 3 [MAGLLK) [ (S 126
GYU TU 19V LRUP ) 127 .
100 PUINT = PQIN{ (W 1V 1én
0U 120 [P=],3 WROP] 129
10 [PETL(EIP) = LINFCIP) LrOP ) 130
190 CUNTINUE LROPY 131
NEe NRL/Z LMrUPY 132
| IF (N LT VI NPRNP2/2 LRUPL 133
) NNSLABS (N) LRUPL 136
V0 1000 A=lenNN WRUP] 139
GO TO (1e¢293)en [ {i 136 ;
1 IF («NUT.XAXLIS) GO TU 100U [W. (V1.3 137
NP2XanP ] ® (NP=]) LROM} 138
[« X=aX[S PLOT ({.te YS0) wRUP) 139
OU 410 I = LeNP} LMUPY 149
P(l)axtl) LHUPL le]
YP (L) axX (NP} LeuP1 162
IF(NeLTo}YP(]) B0y LNOP] 143
IREF = [onpP2x LRUPL XYY
PAGE{(Lel) s CAWS(CULIREF)) LHOPY 169
IF (PLOTYG.GTele) PAGR (L9 i) SPAGE(L,L) ®e2 LNUPY 1se
OUMLl = ALMAGICU(IREF)) LRUP) 167
OUM2 & REALILU(INEF)) LROP} 168
IF (UUMLeBUeV el ANUVUMZ LUV U) WY TU &1 LRUP L 169
Sl PAGEL[92) 3 37,3%ATANZ(DUM] $UUMR) LNOP ) 159
GO Tu &l LoUPY 151
4l2 PaGELL+2) 3 00y LNUP) 192
Sl0 UMAR = AMAX] LUMAK WAL (Lei)) LNOP] 193
UMAXPSUMAX LRUP | 15e
IF INREQONE s 0 e ANU eNeGT oV ANV e PLO TSV LT o0 e! UMAXPEUMAKX/ WNUW LHUP | 198
IF INHEOoNE 0 s ANUeNoGT a0 e ANU e PLOTSG o eUs ) UMAXPBUMAR/Z WNQWS®2 (R [V} ise
Gy TO 1001 LRUP 197 -
€ IF («NOTeOlAL) 60 10 Juv0 LNOP} 158
| 00 Lu [=lenp) LNUP} 159
lisnw]lei=] LRUP) 160
IVIAG(LL) s (MENO(LLol) =) ONp]o}) WNuP L 161
1V CONTINVE LNYP) 162 ‘
[ QiaGUNAL PLOL (feke XAmY) LHUM) 163
00 Slv [ = Lenp] LNOP) Y13
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AP ([)wxif) LRUM § 169
NYRaNP L=f*} LHUM Y 166
lYPRMiNO L] oY P) LHUP | 167
YR(l)sR{LYP) WY 168
IneF = [VfAGLL) LRUPL 169
PAGE(Lel) 3 CAUS(CU(IREFI (W VLY (9 4))
IF (PLOTSU.uTeUs) PaLE(Lsl)aMALE([s ) *e2 LROM L 13
Duml = ALMAG(CULIREF)) LHOP L ir2
OuM s REAL(CU(IREF)) LHOP) 173
- IF (QUMLeEWelsVe ANV UUMZ L UWalel) LU U 9)2 LRUPL Lle
, 911 PAGE(Le2) 3 HT.3%aTANZ (DUM] sLUME) LROP L 115
; G0 Ty Sl10 LRUP ] 176
912 PAGE([+2) s Qv LROP) Ay
) 9iU [FIPLOTSULTL0s) UMAX 8 AMARL (UMARSPALE ([91)) - LXUPL 178
$ IF (PLOTSG.0Tele) GU TO 93 (W (V] 3% 179
: W TEL6s520) (R [} 4} 180
’ 9€0 FURMAT (79N JAMPL [ TUDL s PHASE PLUTTED ALUNG A DIAGONAL TenQuun fre CE LRUPL 181
LA ANTER UF UCALC ) LROPL 182
[ GO TV 1001 LHUP L 183
. - 939 wnRiTE(6+636) LRUP) 184
636 FORMAT (79MLINTENSLITY sPHASE PLUTTED ALUNG A DIAGUNAL 1MRQUGAH TME CE LRUPL 1%
. XNTER OF UCALC ) LRUP L 186
; 60 Tu 10ul LHOPL 187
b ¢ Y=a4[S PLOT ([.Es xu0) LRUPY lee
F 3 IF («NOT.YARIS) Gu TU 10UV LROPL 189
;. DU 6lU [ = |yNP2 LeUPL 190
N XP{L)ax (@) LRUPL 191
i YP(l)exil} LRUP1 192
: IREF s NMe(fel)onp) LRUP1 193
[ PAGE(lel? 3 CABSICU(LREF)) LRUPL 194
, IF (PLOTSGe6Te0e) PAGE (ol )=mraGE(lsl) @02 LROP) 195
1 OQuM]l 3 ALINMAGICUIIREF)) LROPL 196
t QUM2 = REAL (CULIREF)) LRUP ) 197
R IF (OUMLEQeVe0eANDOVUMR iR UV eQ) WU TQ 61Id LRUPL 198
, 0l] PAGE(Led) & 57.J%ATAN2 (DUML sUUM2) LRUPY 199 i
| 60 TV 619 WRUPL 200
612 PAGE([+2) 3 Q.0 LHUPL 201
040 IF (PLUTHGLTe0s) UMAX 3 AMAXL (UMAXIPAGE([ol)) LRUP) 202
IF (PLOTSGeUlele) GO TO 3l0a LRUPL €03
wh[TE (64H20) LROUPL 20s
60 FORMAT (TUMLAMPL I TUDE s PHASE MLUTTEY [N YeDIRECTIUN THROUGH CENTER 0 LKuPl 20%
XF 0CaLC ) LROPL 206
GO TO 1001 LRUP] 207
3206 WHITE (608%2) LHUPL 208 ;
892 FORMAT (TUHLINTENSLTY oPHASE PLUTTED (v Y=UIRECTIUN THNOUGH CENTER O LKUP] 209
. AF uCaLC ) LHUPL 210
1001 IF (UMARLEQeVe0) UMAR = .0 LROPL 21l
SCALEL = 100.0/uMax LNUPL 212
SCALEZ 3 HYeU/i80.y LRUP} ¢l3
C PMINT AXES LHUPL 2le
WwRITE (oe400) [TITLe UMAAP LRUPL els
#00 FURMAT (Lm 9T201M00T2/792Me90 1929¢MSU 1980 JAG eT1742175 LRUP) F3Y)
PoT10805r100 Besi2e4) LNUP) [1%4
IFINUT V) Wi TE (64450) LRUPL 18
| 450 FUMMAT (Lrt o T204M=180eT20031=900T520 LHO« I8¢ |DHPHASE ANGLE (¢) s TT6 LHUPL 219
o 3Mo9UeTI0Loome JBUs /X lMNeTXe AMX 93K LHY) LNUP) 220
IF (NoLT o) wiITE (Be09)) LNOP L ¢21
| 491 FUNMAT (1M +1290rai800 02003190 s 1920 (MU TS LOMPHASE ANULE (*)oT76 LNUP] e2e
Py 3dNeGUTLIO0LooMe LBUIOAIOMANEY vOLe L NY) WV ] 243
C USk PAGE LI} AS PRINTING Ling <= FINST stans [T LHUP L 226
r DU 62U L = Leldu LNUR] 228
i “¢l PALE(Lo3) 3 BLANK (W O] <20
' C PHINT A LINE FUR EACH VALUE UF | wRUPL eer
‘ NEHENP | Lrur ) 228
; 1F (R EQeI) NENSNGZ LRUP | 229
IF(NLTeVIGU TV 30} WRU# | 23¢9
{ VO a4u [ s LeNEw LHUP] e3)
i U aau L & Lelu}eds [W VT3 ed2
woy PAGE(Led) & UOT LNuP) FEX]
VAGE (31 eDeSCALEL®PAGE ([0¢) 0D) = AMUINT WROPL 244
, - PALE ([ +D*SCALEL®PAGL (1o1) v3) = PUINI LNUP ) ¢35
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REJART (AP ([ ) 002eTR(|) ®eg) LMUP )
WRITE (Gea70) (PAGE(LII) oSl LU} oo AP (L) oYPL]) (W [V 4

@70 FURMAT (M 2i06als3P9e¢) LrUP|
PAGE (L eSeSCALEL®PAGE(LsL) 93) 3 BLANK (W )Y

430 PAGE (5] 49¢SCALEZ®PAGE ([+2)0J3) = HLANK LMUPY
G0 TU 1000 LHOP)

301 VU 330 | 3 loNER LHUP)
OV 3Ja0 L = 1lelule2s LeUP)

J40 PAGEILY) 3 POT LHUPL
PAGE (91 ¢5°SCALELZ®PAGE ([+¢) +3) = APUINT LRUP]

PAGE (L ¢ 5*SCALEL®PAGE(Lol) v3) = PYINT LHUP)
wr[TE (69370) (PAGE (Lo3) sL8ls V) s AP () s TP (]) LHUP L

370 FORMAT (it »100ALs2FY942) LHUPL
PAGE (1+5°SCALEL®PAGE ([ol)9d) 8 HLANK LNUP)

33V PAGE (S],5¢SCALEZ®YAGE (] 92)93) 3 BLANK LHUP}
1000 CUNTINVUE LHUP)
RETURN LHOP)
C0000000.000000..QQ0.00.00.000'00.0.0000000000'0.'00000...00..000QO.QQOC LROP [
END LROP

21, SUBROUTINE PLTOT

Subroutine PLTOT is called at the .end of subroutine QUAL to calculate

and generate a printer plot of far field power versus radial distance in

436
2417
<48
239
<60
[12)
2e2
263
400
265
266
267
408
269
<50
el
2%2
<53
2%

RA/D units. The integrated fractional power to several far field radii are

calculated by multiple calls to subroutine POWWOW. The power and radius
values are stored by PLTOT in array form. The arrays are then tabulated.
A simple printer plot is also generated without the necessity of an inter-

polation scheme or other formal calculations.

Figure 48 is the Subroutine PLTOT flow chart and is followed by the PLTOT

computer printouts.

Argument List

DB near field beam diameter .
DX grid spacing in far field, RA/D units
IMAX number of field points across grid
IPLT flag - not used
PT total near field power
RMAX not used
TITLE run identification
WL wavelength
XCEN X-position of center of interest
) 9.4 X-position array
YCEN Y-position of center of interest
z far field intensity array
“MAX not used
186




CALLED FROM QUAL PLTOT

FOR SEVERAL DO 23
FAR FIELD RADII, APR26.27
1=1,30
FIND POWER CALL
IN BUCKET POWWOW APR26.28
]
DEFINE FRACTIONAL PWA(!)
POWER = PWA(1)/PT
APR26.29
TABULATE POWER TABLE OF APR26. 30 —e—
VS RvsP PLTOT. 78
FAR FIELD RADIUS
PRINTER PLOT OF PLOT OF APR26. 34 —m 57

TABULATION RvsP

Figure 48. Subroutine PLTOT flow chart.
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4 Relevant variables

IPAGE Hollerith character string comprising a single vertical
position of printer plots

PWA fractional power array corresponding to RRD

; RRD radial distance array corresponding to various far field

bucket si:zes.

=

SUBROUTINE PLTOT 76/176 0PT=1 FIN 4,6+452 04/27/79 12.23.47
T SUBRUUTINE PLTUT ( [MARs UAs ARs ZMAAs RMAXe Zs LPLTe TITLE. PLTOT 2 3
) 1 PT o XCEN » YCEN o UB » wi ) APH20 21 ;
LEVEL 2v wy APRZO 22
c THIS RUUTINE (1) MAKES AN LSU=INTENSITY MLUT OF IME FAR PlELL PLTUT S
. (o SPUT aND (2) CALCULATES AnU PLUTS Tre POWER VERSUS FAN FLELD PLiIOT S
q C RAUIUS. wLTOT )
LEVEL 29 IMAKsAXoZ »LTOT 7
. DIMENSIUN XA(1)s Z0 L ) » TLTLE(CY) PLTOT )
DIMENSIUN PwA(30) e HRD(IV) o IPAGR(LU]) APN26 23
VDATA HHO/ a2ve49e90e000/0eH0eP9Levlalrle@oladoledriadolebe APH2O 26
R lel9led9)le902002011€6¢8020308089204902060280792:812e9936984094/ APH2G 25
DATA [BLNK/er /ol171RL70LlPT/1Mes aAMR26 26
C DIMENSIUN LA (3) PLTOT 10
c DATA NOZsLAB / 6+80+600+60s20sL0s5020Le12%0 7 PLIOT 11
c CALL UATE (MNTHsUAY» YEAR) PLTOT 12
o CALL MCLUCK (MR sMINeSEC) PLTOT 13
C GU TO (3Qes1)ePLT PLTOT s
C ALUT FAR FIELD {SO=INTENS{IIES PLTOT 15 .
c ASCLBI . /HMAK pLIOT 16
: C CALL INIT(CSIZE€+8erlvs) . tor 17
c CALL PLOT(3e903e90¢24d) PLIOT 18
C CALL TASIZ(e2veld) PLTOT 19
c CALL TAPLT(0erSar0er¥) wLIOT 20 -
c WRITE (984 ) PLTOT 21
c )} FORMAT (36 FAR FLELD ISU=INTENSLTY CUNTUURS ) PLioT 22
c CALL TxS1Z(el2+408) PLTOT 23
c CALL TAPLT (UesaeDoiasi) PLTOT 26
c WRITE(9842) TITLEWRMAX ¢MNIFMIUAY s YEARerRsMINSGSEC »LTOT 25
C 2 FONMAT(1R420A4//729H THE LANLEST RADLUS PLUTTED 2eFecloOnneoLams/p /7 PLTOT 26
c L/SHOATE +A2s i/ A2 N/ oA LOAISHTIME +A291MesA201MeeA2) PLIOT 27
¢ CALL SYMBOL (UeslUeselDe390er=l) PLTOT 28
C 0V 190 [=l4e PLTOT 29 .
C AUPS (6% PLIOT 30 .
c AUPE,(3®] PLioT 31
(= CALL DASM(ADPsAUM) pLTOT e
c RHSRMAL®L/4 ®XSCL PLiOf 33
C 190 CALL CIRC{ERADCHH+CCENCIUs0l) PLfot TS
< CALL NOASH sLtor k1)
c CALL 1SUU XXoXXoZolMAKsDoo [IMAKY LMAX s XCENS YCENOASCLINUZ 1 LABY [MAX) e rot e
c CALL FlIni PLtor a7
c IF (IPLTWEWed) GO TU 51 pLTOT 38
c PLUT POWER YSe ROLAMBUA/U. THLIS |S UUNE ABOUT EITHER THE CENTHUOIVD #LTOT 39
c OR PEAK [NTENSITY -MICHMEVEN DEMUNSTHAIES MAX{MUM PERFORMANCE, ' pLtor 40
i C 32 CALL INIT(eSIZECs8erile) PLIOT sl
: c CALL PLOI(1eS0lered) pLior .2
c CALL ARIS(Qes00eliMNAUIUS=NL/Us=L1r0eoUer Do RMAR/S,) pLTOT a3
[ CALL ALIS(Ve00ae lINPERCE T FURERS L3090 99V e00e0204) PLTOT LYY
| o CALL GMiV(Qer0eseslbeSercy) PLTOT ay o]
. c CALL TASIZ(e190.09) w.tor .
< CALL TAPLT(Z2evsBe90400) v for a7
_ (o WRITE (98450) TITLE+sMNTHIOATsYEAR s MR oMEINGSEC PLTOT .8
C 50 FUMMAT (28 FAR FIELU QUALITY (FFT) //720A8//SHUATE +A2+ iR/ eA201H PLITUT .9 :
| c 170420 L0KsSRHTLME sACe2{1Mesng) ) pLtor S0 -
: c CALL MOVEA(UerUs) PLTOT 51
91 [RADSMMAA®Z, L iOT 22
4 PRINT POWEW VSe NOLAMBDA/U »LiOT 53
WwH1TE(6022) TITLE PLIOT LT
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L1V0 FURMAT (1ML///77/760K¢ L3MPENCENT TUTAL FLUX 76SXsJHwineF8.000r Us

1310

1110

1315
1320

22.

a.
field intensity field for computing power in the bucket. Figure 49 shows the
POWWOW flow chart, followed by the POWWOW computer printouts.

POWWOW passes the intensity field, x and y centroid locatioms, and

FUMMAT (///7 e lR120A80//7/7 138921 2A0 1Mool (FRACTIONY ) o/)
VO 23 Islelrad

V0 2% JsleH

HRO(J) B L0 (([=]) 09 ,0J)

CALL PQawlw ( IMAXKs DXe XAs (v XCENe YCENe RKU(J) ¢ PwAlJ) )
Pwaly) = Pwald) /7 »T

[F (IPLTeLEeL) CALL LINEA(KNU(J) ®6 ,/HMAR YWA(J) ®94)
WR[TE (6426} (RRU(K) oPWA(K) ¢KELeD)

HRUYAS0 oY

URKOSU. L

VU 24 1=1e30

CALL POWWOW ( IMARIUA AR s Lo ACENeYCENSRKU (L) sPwWA(]))
Pwall) = Pwall) /7 Pt

V0 29 Llsire

Jdi 8 ([=l)e5 o

e 3 J]l * &

WHRITE (6026) (RHUIR) +PWA(R) sABY]Lsu2)

FURMAT (S(MXeF @, LloFBeS))

CUNT INUE

IF (IPLTeLEWSL) CALL FINI

WRITE(691100) wi0W

ReF0e2/72896HRAD  0e23X 9 2H2D923AI2NDY IR eCHTSe22A03MLV0 )
OV 1310 132,100

{PAGE(]) = [HLNK

Ina0d = }

DO 1320 LINESLeS]

IPAGE(1) =[]

[PAGE (26031

IPAGE (SL1)s[]

IPAGE(T6) S]]

IPAGE (101 =[]

RAU 3 (LINE=l)e,

PCh s WKV (IRAD)

1IF (ABS (RAQ=PCN) «6T 44011 WU TU 1315
INUEX 8 1495 ¢ PwAlIHAD) ®*luu.
IRAD = IRAD ¢ ]

IPAGE (INUEX) = [PT :
WRITE(Gell1VU) RAU o+ [PAGE

FORMAT (lXeF&s2e2Xel0lAL )
IPAGE { INVEA) s1BLNK

GU 10 1340

WHITE (64111i0) WRADsIPAGE

CONT INUE

RETURN

EnD

SUBROUTINE POWWOW
Calls: N/A

Called by: QUAL

wL10fr
weiQl
PLIOT
rLior
PLIOT
wLfOT
R E'2]
pPLTOT
B TOT
PLTOl
APNR6
APNZE
APH26
APHZS
APNRS
APRO
APNZO
PLIOT
PLIOT
s tor
APR26
APR26
APR26
APNR2S
AVH26
APK2S
APR2S
APH26
APNHR26
APHZS
APH20
APNZO
APR2S
APNRZ26
APH26
APK26
APR26
APN2O
APR2O
APN2O
APR26
APMH2S
APR26
APNRZO
PLTOT
PLIOT

bucket size. It returns the power in the bucket in parameter PRB (PWR).

Purpose -- POWWOW is called by QUAL to apply an aperture to the rar




n i s

POWOW defines a radius function, RD, for converting rectangular
coordinates to a radius bucket size. Each x,y coordinate is searched
to determine if it is within the bucket. If so, the power at that point

is added to the sum for the bucket.
After all locations have been checked, control is returned to QUAL along

with the power number.

b. - Relevant formalism -- Each grid point (X,Y) lies at the center of a
square 4X on a side. In the logic to determine whether a point falls within
the radius of interest, an attempt is made to account for grids which fall
partially within the radius, RAD. These points are weighted between 0 and 1

according to

P = (RAD-Rmin)/(R )

-R .
max min

where

P is the weighting factor,

Rmat is the radius to the furthest corner of the grid, and

Rmin is the radius to the nearest corner of the grid.

All grid points with Rmax less than RAD are given a weight of 1, all

grid points with Rmin greater than RAD are weighted 0.

Argument List

AA far field intensity array

DX separation of far field points

NPTS number of array points in one dimension

PWR power in the bucket - returned to calling routine
RAD radius of far field bucket

XAR X-position array for intensity field

XCEN X-position of center of interest

YCEN Y-position of center of interest

Relevant Variables

DS area associated with a grid point
PER weighting factor for a grid point, between 0 and DS
X X-position of grid point

Y Y-position of grid point
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Figure 49. Subroutine POWWOW flow chart.




SUBROUTINE POWWOW 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SUBRUYUT [NE PUwwOW ( NP (Se VA KAM o (YY) PUWWOw é

1 ACENy YCENs WAL e Pur ) PUswlw 3 y

C T[S ROUTINE APPLIES AN APERTURE TY TME PAR FlELU [NTENSLIY »Uwwlw - .
c PAITERN FOR VETERMINING PU«EN VSe NOLAMBUA/O PUnwlvw 9
LEVEL 2¢ NPTIDsAARSAA »Uwwln [
D IMENS [UN XAR(1)» AAL L ) POwWUS /]
HO(XA9Y Yo LAo V) BOUNT ((ABD(AR) *[XOUK/ o) #9024 (ABS (YY) *UY/ 2,2 Y} ®82) PUuwlw 8
PUR = Q. LOL LT 9
0Y=0x PUswlw 10
D» 3 OX ®e ¢ PUawlw i1
' VU LUy Lla=lenmrs rUNNUN 12
s XSAAR LI [A)=ACEN rUwulw 13
LV Loy T1YsleneTs PUwwlw Lo
; ) YSXAM{L[Y)=YCEN »Uwulw 1%
S RPPESRD (X9Yelrl) POwwOw 16
k. RMUBRD (X9 Y s=lo=]l) PUuWlw %4
RMPENY (KoY e=]ls ]) PQuulw 18
g - RPMERY (KoY oelr=]) »QuwOuw 19
r PERaYS »Ouulw <0
g HMALSAMAA L (NPP o MM o HMP » MMM ) PUWWOw 21
IF (RMAX JLE.®AD) GO TO 100 POWNOW 22
' PER 3 VU, PUunln 23
HMINBAMIN] (KPP o MM o HMP s HPM) POWWOw -
[F(RMINJLE.HAD) GU 1O vy POwwlw 49
PERB (RAU=HMIN) / (RMAX=RM[N) ®US POwWwOw 26
LU0 PwrsPwReAALLIXe([lv=))ONPIY) ®PER POWWOw 27
RE TURN POwwOw a8
END PUwwlw 29

23. SUBROUTINE QUAL

. Calle& by: MAIN .

1 Calls: TILT

" STEP ?
CENBAR
POWWOW

QUAL, entered with a call from MAIN, is used to calculate quality of
complex field. Figure 50 is the flow chart for the QUAL subroutine. Subrou-
tine QUAL computer printouts follow Figure 50. A decision is made whether to
use the COMMON complex field or whether to read one in from tape. A decision
is then made as to whether or not to save whatever input complex field is
used. This is for later restoration.

Variables are initialized and, based on the call statement input vari- *
ables, a decision is made whether or not to apply a phase correction to the '
! complex field, that is, should tilt and/or spherical components be removed?
If not, QUAL branches to the lens section.
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If yes, then a call is made to subroutine TILT and the linecar and quad-
ratic phase components are removed. If spherical components are to be

removed, then this is done. If not, control passes to the lens section.

The lens strength required to bring the beam down to a specified radius
is computed. This is then applied to the field, CU, via the relation

U =U exp

i '2‘—f (x% + yz)l (152)

The total beam power as transformed by the lens is then calculated. If
there is no power in the transformed beam, an error message is output and

the job stopped. Otherwise, some saving parameters are initialized and the
transformed field is saved on tape.

Subroutine STEP is called to take the transformed beam to the far field.
The location of the far field peak intensity is found. Strehl and power in
the bucket are calculated. Subroutine CENBAR is called to find the percent
of far field centroid (intensity). Subroutine POWWOW is called to find the
percent of far field power in a given radius around the centroid. All of the

calculated data is printed and subroutine PLTOT is called for beam quality
plots.

QUAL then restores the complex field to what it was at entry and con-
trol is returned to MAIN.

SUBROUTINE QUAL 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUONOUTINE QUAL ( [PHASE + [9AVE ¢ 1PLTe TITLEs Wie ANSe UB oRF) QUAL é

C FAw FLELY QUALTTY ALGUNR[Smm YUAL 3
4 THIS HOUTINE IS RESPONSISBLE PUR CALCULATING THE UALLTY OF THe QUAL .
c COMPLEX ¢ LELD. wuaL L)
LEVEL 29 CUICURIUS WUAL 6
CUMMUN/MEL T/CUC10384) oCFLLILODL2) 1AL I2B) swL aNPTSINFY sURXsURY wuaL ]
VIMENS I1ON FIILE(L) » uUDLLOIHG) » ANS(L) » CUN(JI2768) GUAL [}
RoFoM(3) 9P {0) s XSAVE (128) CYCLEY (%4
CUMPLEX CUCFILsCUNEICUICLENRY VAL 9
EQUIVALENCE (CFIL(LIsUSL L D) o (CUMtL)eCU(L)) JuaL 10

C eweee SAvE FILELD wUAL il
NP3NP [S/2 JuaL 12
NUGSND [SONPY GUAL 13

IF t(1SAvVE.LT.9) GO TU 21¢ WUAL le
HEAD(9) (CULLZ) o lLmioNQB) s Ao UNRK »URY QUAL 15
REwlnO 9 JUAL 16

G0 TO 3iv JUAL 17
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212

ell

elu

-1
£ o5

C eee

299

S g e

' 00

e

IF (1Save.NE.e)l)
wM]lTELTD)
REwIND 7
IF (1SAVENEL=)) GO TO 2)v

REAU(9) (CULIL) v 1d8LeNUE) sAsURKsUNRY

WewlNO 9

CONER(1 UEDWVVED)

Pis3.141993

Cus (V€D )4V}

CLERUB (0.EQ9UEVY)

K82, %0 /7w

AXS0 o

AYsQ,

OCALSX (NPTSI«K (1) oK (2) =X (L)

[F L IPMASEEWe0)GU TO 50

CORRECT LINEAR ANU QUAURATIC COMPUNENTS OF THE PrASE.

CALL TILF(AXsAYRADLUS [PHASE )

IF(IPHASE LT 260 TO 90

BHALFaP [/ (wL*NAD IUS)

00 65 JUsl.NPY

Jls(u=1) *NPTS

YSQ 3 X(J) #e

00 6% I=l.NPTS

fusley])

(Jg s 2 * [y

1JéM]l = LJ42 = |

PHL 8 BrALF ® (X(])®®2 ¢ vS4)

SINP » SIN(PH])

CUSP @ QUSSP

CURS 8 CUR{iJEM]) .

CUM(IJIML) 3 CURSPCOSP = (UN([JZ) eS|

Cun(lva) 3 CURSESINP o (UNI]J2)eCUSP
CULTIJ)ISCULTUIOCEAP (CMPLA (U oBMALFO (A (L) 002ex(J) *92)))

CUNT INUE '

STHENGTH OF LENSE HEJUIKEY TU KEEP oEAM wlTHIN 2.® WP AT FUCUS
F 8 DCAL®DY/ (2, 90F %wL)

VARX (2) A l])

VASISYXee2

Prad,

L=

AMPLY LENSE
VU & 4x] oNPY
YSu 8 A(M) eeyp
QU & nxfenly
14nlfe)
142 2 2 * 4
12e2M) = 122 = }
PRl 2 MR ® (A(N)*®2 o YSW) /2e /P
Sine & SLINIPm])
CUSP s CUN (PN}
CURS 8 CUN(1i2Mmi)
CURiIZ2ML) s CURD®CUSP «» (UR(L1Z2)*4%0inP
Cuniila) 8 CUMOPSINK o (Cumili2)eCusy
CUl 12)8CU( L) OCERP (CUONKO (X (N) SS20R (M) 892) s 2,/F)
PT = PT o Cuntilamy)eel » (uni]le)eeg
PIaPTeCU( L2)9CUNJGICUL [))
IF ¢ PT LEs 040) GU O 204
PYSAVE = #T ® (OxSy & NPTIS 7 nPY
DU 29% [8).NPTS
RSave (f) = A(]D)
CONT [nUR
OX2SvE=GA* X
DASAVESs UA
PTSAvEsPT
DO JVU [=f.+5
Ve(l=3)/10.
Fomil) s
wiTELL)
REwING ]
1STEP=
ISTEPe [STEP » )
PTaTSAVE

w0 TO 21}
(CUIIZ) 01231 eNOY) s AsURR PUNY

TO COMPLEA FlELV

Foll.e V)
(CUILUY) o LU L aNUB) s X 2URKSURY

196

GUAL Y]
wuat 19
GUAL 290
uAL 21
WUAL e
yuaL 23
YUAL 26
GUAL 2% ;
JuaL 6 3
WUAL a7
WUAL 20 !
GUAL 29 .
WUAL 30 ;
YUAL ENY :
WAL 32
quaL 33
WUAL de '
QUAL It )
WUAL E L) '
QAL a7 !
GUAL 38
WAL 39
QUAL .0
QUAL a)
YUAL LY
QUAL (%]
JuaL LYY
JUAL L3}
AL .
PUTIR %4
WAL 8
WAL .9
AL %90
JuaL sl
QUAL 92
AL 93
JvaL Se
GUAL 5%
WAL 56
WAL o7
WAL a8
JUAL 29
WUAL 6y
GUAL ol
JUAL o
GUAL a3
VUAL os
wualL (13
FUTYN 66
WUAL o7
wuay (Y
Ay 1)
ual, ¢
YUAL n
WAy 1R
UAL [ ]
AL Te
dUAL [4-)
CYCLEYS 18
CYCLEY 19
CYCLEY 20
CYCLE®D el
CYCLEY 2
CYCLEY 23
CYCLED 26
crcLey P
CrcLe9 26
CYCLEY er
CYCLES c8
CYCLED 29
crCLey 30
CYCLES 31




.- e ————— - E L DS - W L WEPIE

Oxa0xSave CYcLe9 32

DXSQ =0ALSVE CYCLEY 33
VO 220 [ =1sNPTS CYCLEY 36
A([) = x>ave(l} CYCLE9 35

¢20 CUNTINUR CYCLE9 3o .
IF(ISTEP +£Qe &6 ) GU TU 335 CYCLED 7
F s FUM(ISTER) CYCLE9 38
GQ TQ ey CYCLE9 39
1 335 FsFOPT CrcLe? 0
; Jo0 CONTINUVE CYCLEY o}
3 PuSAVK 3 PWSAVE/ LU0V, QuaL 76
ILUsF *wi /08 UuAL 124
PIaPTeOASU/ (LLD2ZLL) ® NHPTY /7 NPY GUAL 18
c PRUPAGATE TO Tee FANW FIELD WUAL 79
., CALL DTEP (FoleUs UeloVeloinlsloUordarlel) AL 80
. c CHaNGE & TO raw FIELD R WUAL £}
§ . OV 1} IsleNPlS WUAL 42
E 11 Rti)ysxtf)72LD GUAL 83
' UR=0R/ZLD WUAL se
- OxSUBLXPUR WUAL 8%
) UMAXSY . JUAL L1
[ LOCATE PEAK LINTENSITY [N PaN P LELY GuaL 47
. 310 DU 61 J=lsnpY JUAL 88
. Jiz(J=])*NRTS WUAL 89
00 61 IsleneTs GUAL 90
[Zs]eu) JUAL 91
Ide = 12 » 2 GUAL 92
US(EL) 3 CUuNLIZZ=1)®92 o (uRLLLZ)®®g WUAL 93
c US(IZ 18CULLL YeCUNJLICULLL ) GUAL '
IF (Ua(ld)etToumAK) WU TU ol JUAL vh
' APLARaX (L) WUAL Jo
YPEAKZX (J) WUAL 97
umaxaysitZ ) WUAL 98

61 CUNTINUE VAL 9y =
TFINPISEQ.NMYIGO TO 03 WUAL vo
DU 62 JUsinpY GUAL ivi
JJ 3 NPIYe =y JuUAL {ue
J1ZlJ=1)ONPTS WUAL 103

OU 62 Isl.NPTS . QUAL 10 -
1Zaleyl WUAL 108
62 US([o(JJ=[)oNPTS) = US(LY) wuaL 106
63 UMAK2UMAA/LQVO, wuaL 107
UMAISPWSAVE®P (@ (V87 (WLOF ) ) *e¢2/4 4y WUAL (Y]
C STHEML INTENSITY GUAL iy
STRERLSUMAX/UMR ] WUAL 110
C CALCULATE PERCEN] UF FAR FLELU PYwER wlTHIN RY RAOIUS OF IMPEAR JUAL 111
CALL POWNOWINPTSoUX X sUS s XPRAR ¢ TRPEAK ¢ i o PRI UuAL 112
PRIR = PR o [Lpeeg WJUAL 113
PRK = PRR/10VU0, WUAL lis
PULISTEN) 3PKK CYCLES o2
c LOCATE INTENSITY CENTRUID N “aN FleLp WUAL 115
CALL CEWHAR ( N#ISe OXe Xs USe XCINTy YCINTs UMAX ) YUAL ile
4 CALCULATE PERCENT UF FAR PLELU PUWER wlTHIN RS WADIUS UF CENTHOLU wuAL 147
CALL POWWOW (NP TSeUReXsUSeRCINI o YCINT oMt o PKY) JUAL 118
PHig & PRY © JLpeeQ WAL 149
PEX = PRE/10UU, . WAL 120
IF (ISTEP,EU6) GO [V 99vs . CYCLE9 (%]
IF (ISTEP.cQel) wRITE(Be5%iV) CYCLEY [Ty
9910 FORMAT (9%A919mFLUA IN INL/U ABOUT / CyCLk9 1)
! A 2OM TRIAL FUOCAL LENGTRSe 9XsionTUTAL DCALC FLUA » CYCLES (Y
R FReant[MAXsFASSHCENTRUIL ) CYCLE® o7
wRiTE (6e59¢U) ISTEPoF 1 PWSAVR 9 PRK ¢ PBK CYCLE9 (Y]
S9LU FURMAT (3M FollolNBeGl2:40i6KeF7olv 2XoF 7:208K0F7,2) CrCLEY 9

GV T S930 CYCLEY 20 -
9908 WRITE(6e2960) F CYCLty 51
{ 9940 FURMAT (22m OPTIMUM WESULID Al FaeGldes) CYCLEY 52
1 Wt i TE (69132) RUsPURSACINT o YCINT o o MR s UMAK 9 APE AR ¢ YPRAK o PWSAVR 008  WUAL 1¢1
132 FORMAT (/7150 DCALC FLUR (N +F2e200M RL/DBeGL2:0027TH ABOUT CENTROID wuaAL 122

A COOROINATES92G12+0//715n UCALC FLUX [N 9r3.2+060 RL/US:Gl2e00l0M A8 WUAL 143 -

ROUT [MAX OF +Gl2ess 2N CUURDINATED2GL2e0/7/718N TUTAL DCALC FLUAR. WUAL 1¢e ﬂ

2Gléene22M REFENENCE DIAMETENSF6,2) WUAL 185
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wr[TE(6¢lII)STREM, GUAL

143 FORMAT (/719n STReML INTENSLIY 2eGllee) GUAL
9930 CONTINUVE CYCLEY
JFUISTEP«LE D) GO TU Jed CYCLEY
ANS(]) = Pud JuAL
ANS(2) = PWSAVE WGUAL
ANS(3) = UMAX WUAL
CIF (PHB.LTPRR) LU [0 53 JuAL
XCINT = XPEAK WUAL
YCINT & YPEAK JUAL
ANS (L) 3 PHR QUAL
c MARE SPECIFIED FAN FLELU PLOTS anU CALCULATE POwenr vde RELAMIVA/LY  wUAL
93 IF (IPLTevE.e) CALL PLTOT( nNPTSe URs ae UMARs ées USy [PLITS WUAL
A TITLEsPToACINTYCINToUBemL) APRES
C ®®oee nESTONE FELY JUAL
8% CUNTINUE crCLeY
IF(19fEP GRenl) GO TU 3950 CYCLEY
READ (L) (QU(LJ) o IJs]laNOB) s AP LKA PURY CYCLEY
HEwInD ) CYCLEY
IF(ISTEP LT D) 4O TO 3¢S CYCLEY
PUPTS=] 00 CYCLEY
VY 379 [m].S CYCLEY
TF(P L) LEPUPT) GU TU 37y CYCLEY
POPTaP(]) CYCLLy
FQrTsFgML]) CYCLEY
375  CONTINVE CYCLEY
60 TO J3éS CYcLe9
390 CUNT[NJE CYCLEY
IF (lSAvE«NE+l) =ETURN GUAL
READ(?) (QUELZ) s I4m]oNUH) s AoURXSURY GUAL
REw [NU GUAL
RE TUNRN WUAL
2V0 WRITE(Hec0l) GUAL
2U1 FURMAT {30MUNY PUWER [N dEam = J0” RILLED) QUAL
stoP QUAL
Eny GUAL

24, SUBROUTINE REGAIN

Called from: GDL
Calls: BLUMIT, CPUTIM, FUHS, GAINXY, ISOCAV, SIMPGG, VINC

a. Purpose -- REGAIN is primarily a driver program to direct the

1éo
1e7

23

26
148
1249
i1do
131
132
133
L3e

13%
1406
o
138
9%
%6
97
%8
$9
oy
[ 1}
[ 74
63
(1)
65
66
67
139
140
[T}
Le2
143
lee
1645
146

recalculation of the cavity gain medium at the end of each iteration as shown

oy Figure 51. Subroutine REGAIN computer printouts follow Figure 51. The

routine controls the type of kinetics calculation (numerical or analytical

closed form), calculation of the FUHS effect on the medium density, genera-

tion of plots, and input/output of medium data on disk. Most of the control

for this routine is read in from subroutine CAVITY.

b. Relevant formalism - The only formal calculations nerformed in
REGAIN are the summation of cavity aerodynamics and FUHS effect induced

optical path variations, and the averaging of newly calculated gain distribu-

tion with that of the previous iteration. A simple linear averaging or
weighting algorithm is used:
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L

B
!

G = (G, (1-a) + GA) exp ((zw/x) opD)

where

Go is the amplitude gain field from the previous iteration,
Gc is the newly calculated amplitude gain field,

OPD is the sum of optical path differences,
A is the wavelength.

Argument List

NCT the number of cavity elements in the resonator

NIT the iteration number
Commons Modified

/CCG/
Variables Modified

CG the complex gain field

Relevant Variables

AVGG weighting factor for averaging new and old gain arrays -
defined by input to GDL
IBASE integer reference number to control reading and writing

power densities, gain, etc. to and from disk
IPDEN* flag for plotting power densities
[USE* flag for FUHS calculation
NGPLOT* flag for plotting gain fields
NGTYPE* flag for controlling type of kinetics calculation

NSA* number of gain/phase segments
NXA* number of points in flow direction
NYA* number of points across cavity (side-to-side)

*Defined by input to CAVITY
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SU3ROUTINE REGAIN 76/176 NPT=1 FIN 4,6+452 04/27/79

0oon

is

——

. ———

SUBROUTINE REGAININCTINLT)

TrIS ROUTINE OIWECTS (1) Tre MECALCULATIUN OF GAIN AFTER A
RESONATOR ITERATION AND (2) Tre GENexATIUN OF ANY SPECIFlRD
PLUTS OF THE CAVIIY PARAME ILNS.

LEVEL 29 CUsPDUsGeMCH

LEVEL 2+XC
CUMMON/MELT/CU(16386) oCFLLILOD)2) 2A(12B) sWLsNPTSINPY sURX sURY
CuMMun /CCG/ CG(L/100)

CUMMUN /GGGGG/ G(iT100)

COMMUN/CAVZ/  ACIS)aYC(D) 9 ZC (D) sNK(S) oNY (D) oNSIS) s AMC IS s YMC (D)
1 NGTYIS)e NUPLID)s JUID)s [PULS),
2 SSGAIN(LS099) o SATINIS) sBETALIS) +RMUS (D) o
3 VEL(9) oGAM(D) s AMACH(S) s TVL (D) e TVL(D) o TVI(DH) o TYNR(S) e TSCAV(S) »
& PSCAV(S) oPBLS) oFN2(S) oFCUR(S) +FH2O(S) +FCU(S) oFUZ(S)
S TITLE(20) 9AVG(H) oNSYM

OIMENSIUN PUUL]16384) +#P (10386) ¢G(163846)

COMPLEX CUsCFILICGoCARAY

EQUIVALENCE (PDDIL) oCFILIL)) o
R Pl eCULL))

CALL CPUTIM(ISRY)

CAKAY 3 (CMPLX(0,924%3el61592/m)

TPIOL = 60,283184 / wi

OV 100 NCVs) oNCT

IBASE = 10+ (NCv=])®]]

NGTYPEaNGTY (NCV)

NGPLUTaNGPYL INCY)

{USEs LU (NCV)

[PUENS[PU(NCY)

AVGOSAVG INCY)

NSABNS (NCV)

NRXAZNR (NCV)

NYASNY (NCV) / (NSYMe })

MUTaNXAPNY A

NEwC » 0

MMM = O

00 99U LsleNSA

IF ¢ NGPLOT NEe=]l ) GU TU 18

NGPLUT = 3 ’

IPOEN = 3

[USE = ¢

IF (JUINCV) «GE,]) [USEs}

1PPPuNASEsSey

READCIPPP)Y (P(L2)elZm)eMuil)

RENINO [HPP

IF (IPOEN.GT.Ll) CALL I[SOCAV(Ps NCVe 2y L o NEWCINITowl)

IF (IPDENIEQel OR¢ IPUEN LW d) CALL VINO(PINCVY L sNITe20MMN)
ICCu(BASE *L

CALL NUMER[CAL GAIN WOUTINe

IF (NGTYPE.EWQel) CALL GAINXY(PyGeNCY+0)

CALL MUL I TEEAM THERMAL BLUOMING RUYI INE

IF (NGTYPE . EWe2) CALL SLUMLIT(PsGoNCYowL)

CALL CLOSEQ FURM GaIN ROUTING

IF (NGTYPEEWe0) CALL SIMPOGLP  +sGeNCY)

IF ¢ nNGPLOT 0GEe2) CALL [SUCAVI(GeNCVele L oNEWCe NITe wi),
IF (NGPLUT £Q0el s ORNGPLOT cEUWed) CALL VINUCGONCYS L 9sNLTyloMmM)
IF (IUSE.GE.Ll) CALL FUMS(F +PUDINCY)

IF (IUSE.GEe2) CALL ISOCAV(PUUy NCVy J9 L s NEWCe NITe wi)
IF INGTYME ,LWe2) GU TO 29

HEAD ([WASE) (W(lLisidslomyul)

REw[NU [wASE

30 IF (IUSE+EWe=]) w0 TO ¢»

IF (JUSEekUWeVeORe IUSEEQL ) CALL [SUCAV (PeNCVeasLoNENCeN]LTwL)
IF ([USE.EW.) G0 TU 2%
DU 22 4 s LeMUT

22 P (J) 8 P J ) & PUVL 9 )

IF ( JUSE oLE, 3 ) CALL ISUCAVIPNCYsss L sNEWCeNLTwL)

é5 IF (AVGGekWsVe) GO TO 21

READLICC) (CLLLZ)ollmiomyl)
REwimy ICC

12.23.47
HEGALN 2
REGAIN 3
REGAIN o
REGALN S
NEULALN ]
CURRZ 9
HEGAIN 7
ClU0ENS 32
SUET7CY)Y 189
nEGAIN 8
HEGA [N 9
NEGALIN 10
REGA LN 11
REGALIN 12
NEGAIN 13
C1ODENS 33
NEGALN 15
SUJT7CYL 190
ClUOENS 36
REGALIN 18
NEGAIN 19
NEGAIN 20
REGALIN 21
REGAIN 22
REGAIN 23
REGAIN 26
REGAIN 25
NEGAIN 26
REGA LN 27
REGAIN 28
NREGAIN 29
REGAIN 30
REGAIN Jl
REGALN 32
REGAIN a3
NEGALN 36
REGAILN kL)
NEGAIN 36
REGALN 37
HEGAIN 38
NEGAIN 39
REGALN 0
NEGAIN sl
REGAIN Y]
KEGAIN 43
NEGAIN LYY
HEGALN 5
NEGALN .6
REGAIN o7
REGAIN .8
NEUA LN .9
NEGAIN 90
REUALN s1
HEUAIN s2
REGAIN s3
REGAIN Se
REGALIN s
NEGALN 96
NEUALN °7
nEGALN 53
NEUAIN °9
NEGAIN 80
HEGAIN [}
REGALIN 82
NEGALN [ X}
NEGAIN (13
REGALIN (1}
REGALN (1}
NEGA LN o




[aX s Nz Na¥s]

4

29

1 C 110 CGLII) m(GULl)®(La~AVGG) *CABSICHII])) ®AVOLL) *

110

19
12

13

45 FURMAT(1M0+Gl2.50491 SECUNUS OF CPU TIME SPENT IN SUHROUT INE REGAL

10
101

173

N
20

49

VU 110 lisi,myt
Pui = P(ILl) * TPIOQL

COUII) 3(S(I1)®(1,=AVGG) *CABSICGILI) ) PAvLG) o
X CMPLA( COS(PHE) » Sin(Pnl) )

GuU TO 23

00 112 Ll=ieMuT

Pul s Pi]) @ TRIOL

CG(I1)GIII)®CEXP (CAKAY®R([1))
CGIILI=GII])®CMPLAICOS(PnL) » SIN(PR]) )
WRETE(ICC) (COUIL) olZmiomul)

HEwinw [CC

CONTINVE

WRITE(6+10)

FORMAT (40M0GALIN MAS 3EEN UPVATED FUN InE NEXT PASS)
IF (NGTYPE ,EWe 1) wrlTE(OsLL)

FORMAT (31n USING NUMERICAL RINETICS MULEL)

IF INGTYPE .EQ¢ Q) WHITE(O01Q)

IFINGTYPE .EUe 2) WRITE(6¢19)

FORMAT (3on USING THENMAL BLOUMING ANAYLYSIS )
FORMAT (3ZM USING ANALYTICAL RINETICS ™MODEL)
IF(IUSE «GTe 0) wrlTE(OelJ)

FOMMAT (TUNOOENSLTY VARIATIONS [NUUCEU BY LUWER LASER LEVEL RELAXAT

XION CALCULATED)

CALL CPUTLIM([FIN)
DELTS(ISRT=IFINI/100.
WRITE(6s45) UVELTY

AN /1nl)
RE TURN
END

SUBROUTINE RGRD 76/176 OPT=1 FIN 4.6+452

SUBRUUT [NE RURD (NHGYD)

THIS NUUTINE WEGRIUS CU FRUM A NP15002 ARRAY T aN
NHGU®®Z anHAY USING THE SAME GRID ELEMENT SI/E AS IHE

ORIGINAL ARRAY.

LEVEL 29 CUsCFILR

COMMUON/MELT/CU(16386) »CFILI10D12)9X(128) oL yNPTS s NPY yURX sURY

DIMENSIUN CFILR(132768)
CUMPLEX CUSCFIL
EWUIVALENCE (CFIL (L) oCFILMIL)
ORax(2)=K(})

NFAC = NPTS/NPY

NYAQ® (NRGO=NPTS) /2

NAADS (NRGD=NPTS) /2
R{l)sOA®(1=NKGY) /2,

DO 10 Is2.NRGD
Ril)sA(]=])*UR

CONTINVE
WREITE(GeIDLIR(L) o R {NRGY)
FURMAT (//710A00HX (L) BeGLlR2e0e5KeFMA(NRGD) 3eGl2e4r/)
CALL LERU (CFIL(1)oCFILILOJHS))
00 173 [ZERO=],32768
CFILR(I2ERO) =0,

00 20 Jsmi.nPY

INDXSNRGU® (NYAUeJ=]) oNAAD
NBASES (J=1) ONPTS

00 30 Isil.NPTS
CFIL(INOR®L)aCU(NBASE])
CONTINVE

CONTINUE

NP TSaNRGD

NPY 8 NPTS/NFAC

NSQRENP TSONPY

DO 40 [Ms],NSOR
CuCImraCrIL (M)

CONTINUE

RE TURN

END

CEAP(CARAY®W(][]))

04/27/79

REGAIN 68
HEVALN o9
HEGAIN 10
KEOALN 11
REGAIN 12
ReGAIN 13
REGAIN 14
HEGALN 75
HEGAIN 76
REGAIN r
REGA LN 18
HEGA LN 19
REGAIN 1]
HEGAIN 8]
REGAIN 82
REGALN a3
HEGAIN 1)
REGALN a8
REGAIN a6
REGAIN 87
HEGAIN 88
REGALIN a9
REGAIN 90
REGALIN 91
HEGAIN 92
REGALN 93
REGAIN [ 2%
REGAIN 9%
REGAIN 96
REGAIN 97
REGAIN 98
12.25.47
RGRY 2
RGRO 3
RORD o
RGRO S
RGO [}
RGRO 7
ROWD [}
HGRD 9
RGKD 190
RGO 11
HGRD 12
HiND 13
KGHO 1s
NGHO 15
RGRO 16
L0 V) i7
NGROD i8
ROWD 19
RURO 20
HGRO 21
HORD 22
RGRO 23
NGRO 26
RORO 2%
RGRO 26
RGRD ar
RORD a8
HGHRO 29
L1 ] 30
HUNO k)
NGRO J2
RGRO 33
RORO 36
HGRO 3%
RGMOD k)
RORD kX4
RGRO 38
KGR0 39
RGRD 60




SUBROUTINE RGRD

25,

This routine regrids a complex amplitude field by adding zeroes to the
array on all sides of the input field. Figure 52 is the flow chart for sub-
routine RGRD. Points added have the same separation as the original field.
No interpclation or other formal calculation is necessary. Use of this
routine has the effect of increasing the guard band around the field.

Argument List
NRGD desired number of grid points across field

Relevant Variables

DX separation of grid points before and after regridding
INDX counter or index used to locate old grid within the new grid
NSQR total numer of points in regridded field

Commons Modified
/MELT/

Variables Modified

CFIL temporary field storage array

Cu complex amplitude field

NPTS number of grid points in x-dimension
NPY number of grid points in y-dimension
X x-position array

26. SUBROUTINE ROSN

a. Purpose -- The purpose of subroutine ROSN is to provide an accurate
and rapid numerical interpolation subprogram for the evaluation of cavity-
induced density perturbations. The subroutine uses cubic spline processed
data representing aerodynamically parameterized-%?-data to interpolate to the
cavity mesh for the run in question as shown in the ROSN subroutine flow
chart (Fig. 53). Subroutine ROSN requires that the user specify the relevant
cubic spline coefficients and %?-values. The subroutine calculates A¢ for

an arbitrary cavity mesh point, (x,v).




o e SR i

il ot L 0
' N

CALLED BY GDL

REDEFINE X ARRAY

CENTER OLD CU FIELD IN
NEW FIELD OF ZEROES

REPLACE CU FIELD
WITH CFIL

RGRD

Do 10

=1, NRGD

i

X(1) =
X(1-1) + =X

00 20

[ =1, NPTS?

]

CFILM)
= CU{1)

DO 40

=1, NRGD?

!

cuh =
CFiLh

RGRD.18

RGRD. 19

RGRD.20

RGRD.26

RGRD.27-31

RGRD.32

RGRD.36

RGRD.37

RGRD.38

Figure 52. Subroutine RGRD flow chart.
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XLS(L)
s+

+ XS vS ] /
™l W

HZ
R=D*Zj ~E'Z)+F [c3 G(E) + C}

J+1G(D)]

.2
1+1° ¢y Hir o P
RS = I . ] R 3(cJ+1 F(D) C] F(E))

Jfxisiw
S 13 +

(W-YS)
S TM(L)] w

XNZ = CRHO(1)*R1 + CRHO(L)*R2

Figure 53.
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INPUT CAVITY
COORDINATES
X,y {xs,ys)

i

CALCULATE
SIDEWALL (LEFT)
INTERCEPT

|

INTERPOLATE FOR
=£s,)

s

O X

|

{x,y)

EVALUATE
RI

Y

CALCULATE
SIDEWALL (RIGHT)
INTERCEPT

INTERPOLATE FOR
A.g (SR)

USING SAME
EQUATION FOR R, R

i

EVALUATE TOTAL
FLOW FIELD
PERTURBATION

Subroutine ROSN flow chart.

ROSN.2

ROSN .12 TC
ROSN .32

ROSN.33 TO
ROSN.39

ROSN .37

ROSN .42 TO
ROSN .50

ROSN .33 TO
ROSN .39

ROSN .51




i i

v

S i

b. Relevant formalism -- The S0Q Cavity coordinate system represents a

regular mesh upon which many perturbations are applied. High Mach number flow
produces ordered density gradients which may degrade beam phase relation-
ships. Given arbitrary flow field interferometry it is possible to parameter-
ize fringe shift C%? or AOPD) as a function of sidewall parameter s, where s
is determined from the cavity sidewall projection of Mach lines, as shown in
Figure 54.

Nozzle

Exit Plane —\\| /— Sidewall

Interferometer Fringes
3 of Constant OPD

Mach Line

\— Sidewall

6 = Mach Angle

Figure S4. Fringe shift as a function of sidewall parameter.

From interferometry data and the above concept of sidewall projected data,

the following parametric curves may be defined:

The curves shown in Figure 35 are fit using cubic splines, and the table or
arrays ofi: = f(s*) and C = g(s*) (spline coeff) are stored in program
DENSY. Subroutine ROSN is used to interpolate from (x,y) in the cavity to

equivalent sidewall position s and s to determine using the above

right left

. . . Ap
spline coefficients, an interpolated value of —|1eff f(sleft) = H (x,y)
Lo = 8(5ri ht) = K(x,y) (154)
® lright g




AN

/

NS

-2 -1 0] 1 2 3
- Sidewall Dimension
Nozzle Exit Plane Width

»

s
W

Figure 55. Parametric curves of Mach lines.

the point (x,y) is given, from supersonic flow theory as:

o . b0 o
) P o
CL {rotar  Cljieft “Liright
2% . Ap
A¢ Py C oL L
Total

Ad = A0(X,Y)

@ e (y)
© P

The Spline interpolator is:

206

A e i et B At s




"

R =

*

. 2
S5 (ég) , Sie1 -S (ég) | Bis1S)
5141751 \ Pliar S5, <S; o)y 6

feodlres) - ()

<(s -5, )3 (s*-si
+ C . ~— —— —)
(Cia1] 5ie1°5; S1e1°5;

The interpolator is evaluated for each of a right and left wall contribution

along the appropriate Mach line.

Commons Modified

None

Commons Included

/LENSY/

Relevant Variables

XS

Xs

XNZ

S

R
/LENSY/
Y (51,2)

Z (51,2)
C (51,2)
™(2)
XLS

W

XMULT
CRHO

M(2)
TITLE

LL

Position in cavity in cm along flow direction
Position in cavity in cm orthogonal to flow direction
Interpolated perturbation to flow field at (xs,ys)
Sidewall location

Interpolated density value

<-> abcissa y(51,1) <-> leftwall
y(51,2) <-> right wall
<-> ordinates; same convention
<-> Spline Coefficients; same convention
Tangent of Mach angle - left and right sides
Relative position of nep. read in subroutine densy.
cavity width (cm)
scaling factor usually used to scale from % to absolute é%
Center line density left § right, may carry Gladstone-Dale
constant

number of left § right data points respectively
Alphanumeric title

No. of sidewall projections i.e., if left right symmetry is
assumed, then LL=1, otherwise = 2.
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SUBROUTINE ROSN 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBROUUTINE ROSN(RSeYSeRNL) HOSN 2
c CAVITY JDENSETY FIELDU INTERPUOLATMIUN WOUT INE RUOSN 4 .
C THIS ROUTINE USES SHPLINE CUEBPFICLENIS TO INTERPULATE Tre CAviTY RUSN Y
¢ ODENSITY FIELU (UELTA RMU/HNU AND SPLINE CUBFFICIENT vENSUS HUSN S
c SIUEWALL PARAMETERS ) ONTU THE CAVLIIY MESH. RUSN 6
CUMMUNZLENSY/ZY (D)o} 2oZ(5Le2) o0 iDL e2) o TMIZ) s AL5(2) 0wy RUSN 7
I X AMULT (2)e CRMULZ) s ™m(d)e TITLE(CO)s (L HUSN 8
N DATA Jr2/ NUSN 9
Fia)sa®a={,/3. RUSN 1o
GlA)=A®(A®A=|,) HUSN i
Ls ] ' NUSN 12
- KYsM(L) =} HUSN 13
. Me s ML) WHOSN 1s
Y {TesTs0 NUSH 15
. SE(XLS (L) /2.9KS=YS/TMIL) )} /w ROSN 16
. 6 IF(S=Y(le))3V0eTs7? ROSN 17
T IF(S=Y(MMel))8es8030 RUSN 18
7 8 IF (J=KY)20+2009 KUSN 19
9 Jaky RUSN 20
CU YOLsY(Jsl) =S RUSN 21
' YOZSY (J*lel) =S RUSN e
i IF(YU1I®YU2)945+22 HOSN 23
¢2 1F{YOl)LlUs}i0e23 HOSN 26
10 Jayel ROSN s
IF(J=KY)2001l40sil HUSN 26
Il Jsny ROSN a7
GY 7O 5 RUSN 28
43 Jusy=] MOSN 29
IFiJ)12e12020 . RUSN 30
j2 Js) RUSN 3l
S JPsJel RUSN 32 -
HeY (JPsL) =Y (JoL) HOSN 33
. Om(S=v(Jel))/n RUSN 3s
1 Esl,=0 HOSN 3%
REOPZIJPIL) o2 IJol) *HEM/ 6,0 (CLJUsL) *LIE) *CLUP L) *G (D)) ROSN J6
RS (Z(UPILI=Zidol) ) /MoN/2,®(CTUPIL) #F (D) =ClUsL) ®F (E)) RKUSN 37 .
GO T0 31 RUSN 38
30 R=mg, RUSN 39
#S=0. ROSN 40
31 IF(LTEST)I32+32+33 RUSN o]
32 ITEST®] ROSN 2
RlsK RUSN c 3
L s LL HOSN Y
MM s ML) RUSN S
b KY 3 MM = | HOSN .
- RS | SRS ROSN Y4
SA{XLS (L) 7240A5={weYS)/TM(L) ) /W ROSN 8
yaMM=y HUSN .9
GO 10 & ROSN °0
33 XNZBCRMO(1) © R]l ¢ CRHOI(L) * K ROSN S1
RETUNN HOSN %2
ENOD ROSN 93

27. SUBROUTINE LINTERP

a. Purpose -- This subroutine is used within the SOQ code to linearly
. . . A . . : . :
interpolate sidewall projected 7? cavity density information from sidewall
{ projection to the cavity mesh. Data ég.are stored in compressed form as

univariate curves of-%?-versus sidewall projection parameters s, from which
f%i at any point in the GDL cavity may be obtained as shown in Figure 56.
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Figure 56. Ap/o cavity density information.

The interpolated %?—value is calculated to determine the equivalent
flow-induced lens which is to be applied to the propagating wavefront. The
lens is the result of flow-induced inhomogenieties such as ordered density

gradients (weak shocks) and uneven thermal distribution.

The LINTERP subprogram (Fig. 57) calculates the sidewall parameters
from interpolated cavity position (x,y) and Mach angle. With '"s" determined
for both right and left cavity sidewall projections a 29 contribution can be

determined for both sidewalls and linearly combined to give(%?)TOTAL = £(x,v).

\ b. Relevant formalism

Left Intercept:

tand = -(x—_xLL-IT X1 ® - EanLe +x (156)

where

(x,y) = interpolate position
xLI = Left intercept
tan® = tangent of Mach angle

sidewall parameter s

L1 | (x-y/tane)

L W W




CALLED FROM DENSY

CALCULATE LEFT
SIDEWALL
PARAMETER

FOR INTERIOR
POINTS
INTERPOLATE TO

GET 557/1-

CALCULATE RIGHT
SIDEWALL
PARAMETER

FOR INTERIOR
POINTS INTERPOLATE
TO GET

CALCULATE RIGHT
AND LEFT SIDEWALL
PHASE CHANGE
IN RADIANS

Figure 57.

LINTERP (xs, ys, DP)

Y

+

SL =(X—L§m ksfysrrmu)ﬁ”

]

40 =
TI . f{Sy)

XLS(2) (w-ys)
SR =3 txs- m;/w

g = 9Sa)

)

XNZ = DP =(e‘z’r)L Co, + (%) o Cog

RETURN

Subroutine LINTERP organization.
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Right Intercept: !

tané = —ﬁ:x—

(x - Xp )Cane = (w-y).- X tanl
I

. 2(w-y)
XRI “tans %
XR
S = —L - _X=(w-y)/tan ©
R W ]
where
w = cavity width
tan 9 = tangent Mach angle

(Gvpositive angle)

Commons modified
NONE

Definition of relevant variables

™ Tangent of Mach angle

XLS Arbitrary sidewall intercept offset (cm)
w Cavity width (cm)

CRHO Composite constant = 3% CAaL CR

Subroutine LINTERP computer printouts follow.

SUBROUTINE LINTERP 76/176 OPT=1 FIN 4.6+452 04/27/79 12

SUBRUUT INE LINTERP(XSyYSeANd)
COMMUNZLENSY/ZY(9)192) +L(DLeg) o0 (9102) s TMIL) 9ALS(2) sus

x MULT12) sCRMU (L) sM12) o TRILE (20D oLl
Coeeed CALCULATE SIDEWALL PARAMLIENR 00000000 000000000000 eos
L8}
MM (L)

SLB(ALS(L) /720 ¢ XS =YS/TMIL)I/W
IF(SLelTeY(lol)) WO TO 9
IF(SLGE«Y(MMs L)IGO TQO »
C ®oe0se FIND > PUSITION IN Y ARNAYO®GeOS

DO 10 1 8 LsMm
IFISLeGTeY(lol)) GO TOU Lv
KLsl
KLMlsf=}
YSLavY(lesL)
YSLMLISY (lelol)
GO TV 15

10 CUNTINUE

15 CUNTINUE
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ClOLING
ciovInt
CionLant
CloLInT
CluLiIng
CLULINT
CLULINTS
cloLint
CluLINT
CLULINT
ClULINT
CLULINY
CIULINT
CLOLINT
CLOLINT
CLOLINT
CLULINT
ClOLINT
CLOLINT

(157)

(158)

.23.47
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h an gy

-

fat e

C ©000eoETERMINE ORMU OVHR RMOC, ¢eeeeee
C *0eese FOR INTERIOR POINTS ®vecediéeces
YOlLsYSL = YSLM]
YO2LsSL = YSLM]
ORNOLE ZIKLeL) =Z(KLMLoL)
DRMOZs Z(KLMLoL)
LLLs)
[« IF(XS.GTe20.)
C AWRITE (6992) KL oRLML o Y (KL oL) o V{KLMLIL) o L (KoL) » Z{KLMLL)
92 FORMAT (SX¢%00 10 LUUP®42(594(5XsE1Se7))
ONMOL a(YDZL /YULL)®URMOL ¢ URNOZ
GO TO 20
S DRHOL = Z(]lsL)
LLiL®s
GV T0 2¢
6 DRMOL = Z(MMeL)
LLL=3
20 CONTINVE
[ IF(XSeGTe20 ) wRITE (699 LLL»SLIORMUOL
99 FORMAT(LUXe1502(9X9E1Se7)¢® LLL Sk URMOL®+/)
Coeeoe CALCULATE SIDEWALL PARAMETER (RIGMT)eeeeee
LsLL
MMs M(L)
SHE(XLS(L)/2e ¢ AS ~(w=YS)/TM(L)) /W
IF(SR oLTev{lol)IGO TO 7
IF (SR «GEY(MMeL)IGO TO &
0V 40 [=leMm
IF(SReGTe Y(iol) ) GO TO &y
Kis [
KRMl3 [ = ]
YORIBY(KHoL) = YI(KKM] L)
YURZS SR = Y(KKM]loL)
GO TO 45
40 CONTINUE
49 CONTINUE
DRHORLS L(KRoL) =Z(KKHMiel])
ORNORZE L IKRMLoL)
ORMORS (YUR2/YOR | ) ®ORHUN]L ¢ URMORZ
ARK® 1
c AARITE (Ao D IIRMoANML oY (KoL) oY (ANML L) 9 Z(KHoL) ¢ Z(KKML L)
93 FURMAT (SX9%00 <0 LUUP®42[9¢6(DKsk15e7))
GO U %0
7 URMOR 8 L(Llsl)
KKK=2
GU TO 9
8 DNMOR = L(MMeL)
KKKS3
20 COnTINUE
C IF(XSeGTe20e)WRITE (09 199) KKK ¢ SH e UNHUN
199 FURMAT (LUXo[S592(94A¢E19e7) ¢® KKK eSRoUNMOR®,)
ANZS ORMULOCRMOC(L) * DRMUNSCRMU (L)

c 1IF(XSe0Te206)WRLTE(00299) CRMU(1) +CHMU(L)
€99 FORMAT (QURe®CRMUIL) sCRMUIL)  292(E19e7) /)
WE TUNN
ENV

28. SUBROUTINE ROSN6

a. Purpose -- Subroutine ROSN6 (flow chart organization shown in Fig.

SIuLiInT
ClOLINT
CloLinT
ClOLINT
CAULINT
CIULINT
ClOLINT
ClOLINT
ClOLINT
CLOLINT
CLOLINT
CLOLINT
CLOLINT
CloLint
CioLini
CloLINT
clouing
Clouint
CLOLINT
ClouInt
cloLint
CloLINT
ClOLINT
CloLING
CIOLINT
ClOLINT
CloLint
Ciovint
CLOLINT
Ciovint
CiluLInt
cioLiInt
ciouInt
CIOLINT
ClOLINT
cloint
cloLing
CloLiInt
CLULINT
CLluLINT
CLULINT
CiuLInd
CluLint
ClULINT
CLULINT
CLOLINT
ClULINT
CLULINT
CLOLINT
ClULINT
CluLInt
CloLiInt
ClOLINT
CLULINT
CLULINT
cluLins

58) is incorporated into the SOQ code to allow inclusion of the cavity

density field from direct interferogram data reduction. The data from inter-
ferometry are assumed to have been fit in the y (parallel to NEP) direction
by cubic splines, using spaced points (not necessarily equal).
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T

‘ ROSNG ,

|

ENTER WITH CAVITY
X, Y MESH POINT

1

DETERMINE X
LOCATION RELATIVE
TOAVAILABLE SPLINE

FITS

1

DETERMINE Y
LOCATION IN

RELATION TO
AVAILABLE SPLINES

INTERPOLATE TO
DETERMINE 3 VALUES

oF (i
AT Y

ON
-

\

SET UP CUBIC
SPLINE ON 3

VALUES OF (5)
AT CONSTANT ¥

EVALUATE SPLINES
AT (X, Y)

FOR (eg)

EVALUATE

=p =) 2.

!
RETURN

ROSNG .12 TO ROSNG .27

ROSNG.28 TO ROSNG 44

LooP

ROSN6 .45 TO ROSNG 49

ROSN6 .50 TO ROSNG .63

ROSNG .64

ROSN6 .68

Figure 58. Subroutine ROSN6é organizationm.
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Subroutine ROSN6 is a bivariate interpolation of the spline fit data ;

using cubic splines.

b. Relevant formalism -- Subroutine ROSN6 uses the following procedure
to interpolate the available spline data for an arbitrary cavity mesh point,

(x,y), shown in Figure 59.

(1) Locate * in the spline fit data.

(2) Interpolate, using the spline fits at constant y, for the
value of A% at the nearest three x values, (4).

(3) Construct a cubic spline in the direction (xi.y*) and
evaluate at (x*,y*)

(4) Modify do (x*,y*) by do (x*,v*) to obtain 4o
°cL “cL

in the desired units.

See page 214 for subroutine ROSN6 computer printouts.

=

rlf.’

* (x*, v*) 1

e Spline Fit
Mesh Points

a Interpolates;
(x5, ¥*)

Figure 59. Available spline data for an arbitrary cavity }
mesh point.
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Commons modified

/MELT/ not modified
/MELT/ is used to transfer in the following data:

x<=>cavity flow direction coordinates of spline fit data

y<=z>orthogonal coordinates of spline coefficients

z<=>ordinate at each (xi,yj)

C<=>corresponding spline coefficients

M<=>Index array for constant x.

N

ROCL intended to be p at the center line but may be an artibrary
scaling parameter.

Relevant Variables
XX cavity x-position
yy cavity y-position

XNZ ordinate interpclated at (x,y), normally &p = f(x,y)

SUBROUTINE ROSN6 76/176 OPT=1 FIN 4.6+432 04/27/79 12,
SUBRUUTINE HOSNO (XX YY ¢ Xinl) ROSNG
o LS ROUTINE 19 USe 10 LwikmrQLait fre CAVITY UENSLIY FLELD HUSNS
C (UeLTA ARQ/rmMO AND SPUINE COEFFICIENT VvENSUS X AND Y) ONTO THe HOSNG
[ CAvITY mMebn, HUSNG
LEYEL 2v PLUM HUSNG
COMMUN / MELT /7 PLUMIZ20UVY e X121) » ROSNG
R OYL21e81)e Z821eH1)2eCL2Loa8L)sMI21) sieROCLIOUMYS(207T78) CONRE
VIMENSION Fi3)eFP L) HOSNS
Qata lleus2s2/ HOSNG
Qla)sa®{aeas],) RUSNG
C COmPUTE LUCATION OF ax [N At} ACl) oebEe XA olbe R(N2 NUSNS
KABN=2 HOSNS
10 x0isatlllean RUSNG
AU2BAC[Le))=RX RUSNG
AT I P3P IY TXY RUSNG
12 IFixUl +0T. Ue) GQ TO 13 ROSNG
I1 a [le}) RUSNG
IFLEL oLTe RA) GO TO LV ROSNG
11sKa ROSNO
6U 10 2 RUSNS
13 1l = [1=) RUSNE
IF(ILl «Gie U) GO TQ IV ROSNG
Il s} RUSNG
C COMPUTE THMREE VALUES OF Z.ANU ULZ/UY AT Yy HUSNG
2 Lel]ee ROSNG
KK20 . HISNG
C CUMPUTE LOCATIUN OF YY (N Y(M(L)) YOI} olfe YY oLEe YIMUIN) HUSNG
D0 & Isllel ROSNG
KKaKKe | HUSNG
KYam(j)=i RUSNO
IFJd «GTe KY) Jary RUSNG
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20 YUlsY(]leJ)wvY ROSNG 33

YO 3 Y(fesdel)=YY HUSNG s

IF(YUL®YUR)S5¢5¢22 HUSNO 35

22 IF(YD)l +uTe 0e) GO TO 23 ROSNG 36

JaJel ROSNG 37

IF(J oLVe KY) GU TU 20 RUSNG 38

Jaky RUSNG 39

G0 TU S ROSNG 40

23 Jay~=] HOSN6 41

IF(J «6Te ) GO Tu <0 ROSNG .2

Js| RUSNG 43

: S JPuJe]) ROSNO 2]
Y MaY {JedP) =Y (loJ) ROSNG 45
: Da(YYeY(loJd)) /N NOSNG -6
s Esle=y ROSNO .7
) FIKK)SUSZ(IoJP) €O ( o) om®H/0,®(C(LsJ)®GIE)oC([9oJP)*G (D)) HUSNG .8
: 6 CUNTINUE RUSNG 9
C CUMPUTE Z£+DZ/7DXeuZ/71)Y AT AX FRUM CUEIC SPLINE THROUGH F AND FP HOSNG S0

HisK([lel)=A(]]) RUSNG L2

H2sR({Il*2)=k(I]e]l) HOSNG 52

IF(R(ITo1)=aR) 74848 ROSNG 93

T Os(xx=R{[l*1))/me ROSNG L1 3

K= HUSNG S5

HEn2 HUSNGE 96

GY T0 9 ROSNG S7

8 US(XA=X{11))/n} HOSNG 58

K=} . NUSNG 29

Hanl ®USNo 60

9 ES).~0 HUSNG sl

CUB2 P ({F (J)=F (2))/M2=iF(2)=F (1))/HL)/ (HL*n2) HUSNO 62

TEMRMOM/0,* (L (E) *L(V)) HUSNO 63

ANSU®F (Re]l) e ®F (K) +CUPTEM RUSNG .29

ANZERUCL®AN RUSNG 65

HETURN RUSNG 06

ENV RUSNS 67

29. SUBROUTINE SIMPGG

a. Purpose -- SIMPGG is used to calculate loaded gain for GDL cavities.
It uses the E. A. Sziklas closed-form gain solution as derived in Reference 1,
instead of numerically solving the appropriate GDL kinetics differential equa-
tions. SIMPGG also finds the intensity emitted at the gain/phase segment for
use in FUHS. Figure 60 shows the SIMPGG organization.

b. Relative formalism -- The effect of the interaction of the light
with the medium results in an amplification of the ‘1ight beam as well as a
phase change. Analytically this effect on the field is writ*en

(157
U (x,y) = t(x,n)U(x,y)
with

Jlg(x,y)al Ei ir Anal

t(x,y) = A
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INITIALIZE
PARAMETERS
GIVEN NCV

:

FIND THE GAIN
AT THE NOZZLE
EXIT PLANE

!

FIND THE REST OF
GAIN ARRAY

l

FIND al for FUHS

Figure 60. Subroutine SIMPGG organization.

SIMPGG. 15—==
SIMPGG. 22

SIMPGG. 24—
SIMPGG. 32

SIMPGG, 33—
SIMPGG. 44

SIMPGG. 49—
SIMPGG. 53

AL is width of the medium under consideration, g (x,y)

is the loaded gain coefficients and 4An(x,y) is change in index of

refraction due to density variatioms.

The factor of 1/2 in the exponent is due to the fact that gain is inten-

sity, not amplitude, related:

- gaL _
lour = Ty & = Gy

where

U =jul?
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SIMPGG determines g(x,y) analytically using expression

(“Xcof x
( x\l_, / d.‘( I I(x).v)
8, (X,y) : sat * T06Y)

e
T g, %4 (161)

g(x,y) =

and using the trapizoidal rule for the integral, where go(x,y) is the small-
signal gain coefficient found in subroutine GAINXY.

. Note that
glx,y’ = g (x,y)
I(x,y) =0 (162)
I is the "saturation intensity"
sat
= ha (163)
‘ Iear —2%1
A where

hv is the photon energy, 3 the lower laser level relaxation rate, and =
the optical cross section for the transition. Isat is also defined in sub-
routine GAINXY.

Where the FUHS routine is to be called to calculate heat increase in the
gas due to lower level decay, the intensity change in the beam is needed for
each gain phase segment, thus giving the heat release.

Consider Figure 61 of a gain/phase segment

|
R e d ' e
| e ' Iy
|
t i
————— ' B
[ I l ‘:
| .
é’ Figure 61. Gain/phase segment.
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Then for each (I,J)

AL = (1, + I3) - (I, + I) (164)

the quantity stored in the array PPD after a complete round trip is the
average of the right running wave (I1 + Iz)/Z plus the average of the left
running wave (I3 + 14)/2.

Therefore

PPD = (I, + 12 + 13 + I4)/2 (1658)

but I, = GI, and I, = GI3

so Al = (1-G) (II+IS)

1+G
and PPD = — Il+13)
2
therefore
AL = 2 (1—'—5 * ppPD
L1 + G (166)

Knowing the total power change due to AI and the guantum efficiency n, the

1 l-n
total heat released is found. The factor — (‘-—) is discussed in FUHS.
Az n

¢c. Fortran
Argument List

PPD = Total intensity (left running + right running waves) -«

1 l-n
Becomes — (—) ATl for use in FUHS
Az n

GG = Gain = ¢ 88%2/2

NCV = cavity number

Commons modified -- none

A . ot ka8 6k Sl R v =

Gttt




Subroutines called - none.

Subroutine SIMPGG computer printouts follow,

SUBROUTINE SIMPGG 76/176 OPT=1 FIN J1.6+452

ann

o0on

[2X2¥a¥2X 3}

04/27/79 12.23.47

SUBRUUT INE SIMPGG (PPDeGGnCY) SimMpee
CLUSED FURM UVAIN ALUUR]L THm S1MPGG
TH{S ROUTINE USES THE E.A«SZIALAS CLUSED FONM GAIN SOLUTIUN FuW 91MPG6
CUZ2 TU CALCULATE LUALED GAiIn FOR THE GWUL CAVITIES. S1MP66
LEVEL 2¢ XCePPDIGG 51966
CUMMON/CAVZ/ AC(D) oYCID) 9 LL (D) sNALID) +NY (D) oNS(H) 9 XMCLS) o YMC (D) $1MPG6

2 NGTYP(LU) US(10) e SSGAINIL9U9) oSATIN(S) +BETAIS) oRMUS (D) e  SIMPGG

3 VEL (D) s0AM(S) o XMACHID) o TVL (D) 9 TVRID) o TVIID) 4 TYNZ(D) 9 TSCAVID) S 1MW66

& PSCAVIS) +PB (D) oFN2IS) oFCULZ(D) oFHRULS) oFCU(S) oFUL(S) e $1mMPGE

Y TITLE(2U) e AVGIS) oNSYM SLMPUG
DLIMENSTUN GGl PPU( 16384) S [MPG6

2 G(Ll9U) ¢ SGAINX(190) ywINTS(LIV) SImMPGG
CALL CPRUTIM([SKRT) S {MPGG
NSASNS (NCV) SIMPGG
NYASNY (NCV) / (NSYMel) S IMPGG
NAABNA (:NCV) $IMPGE
SATSSATININCY) 91 MPGG
MUTS NXASNYA 3 IMPG6
DUXX= XCiNCV) / NXxaA SINPGG
2XZ = LCINCV)/NSINCV)I/2. SIMPGG
AC1aFCO2INCV) ®BETAINCY) /FNGINCV) /VEL (NCV) SImPGe
ARITE(802) NOAINYASNAAIDDAA e ZAZ2AC]) s (SSGAIN(KeNCY) oKm| e NAA) SIMPGG

2 FURMAT (1M0031503612¢9/716(1A0801265/7)) S[{MPGG
OU 3y JmienTA 31MPGE
[2sle(Jol)oNAA S IMPG6
PUP = PPUL [2)/SAT S 1MPO6G
PUPL 3 BUP o |, S1mP6G
SGAINX(J) s POP/PUMPL®00XX/2e S1MPGE
WiNTS(J) s PUP/POM] 9 IMPGG
G(J) 3 SSGAINC]IeNCV)/PUPLOLXAP (=ACL®SGAINA YY) S 1MPG6

80 GU( IZ s EXP(GIJ)*ZX2) 9 iMPGG
00 110 [s2.NXA S1mPGG
WHITE(O93) G(I2) oSGAINAI3Z) +wiINTS(32) GG IL=)032) S ImPG6

3 FORMAT(1X90G12,9) SImP06G
00 110 JsloNYA S1MPG6

14 8 Le(Ju=])ONKA S1es
POP = PPO(1Z )/SAT S1nPeQ
POPL = |.eP0P S imPe0
wINTs PUP / POP) SInPee
SGAINX(J) & SGAINX(J)* (WINTow[NTS(J))/72.°00KX SimPee
WINTS(J) = wINT S iPee
GiJ) = SSGAINILINCY) /PUP L OEAP (AL ] *SGAINX (J) ) S InPee
130 GGUIZ ) = EXPIG(J)*2X2) S1nree
IFLIUSINCYI oLEs U) GO TO 30V S ree
SIPe6

COMPYTE HEAT RELEASE FUNCTION FUR FUMS ANALYSLS S 1ree
S1Peo

ETA 3 Jou SIwee
HCONSTS2,E¢79 (1, ~ETA)/ETA/ (LC(NCV) /NSA) S1Pee

U 200 [=l.muT7 Sinree
BluGs6eG( [ )oe2 S1mPeo
2U0 PPO( | ) SKHCUNSTOMPO( | )19 (8l6U=140)/7(816G*],0) S1nPee
300 CALL CPUIImM(IBIN) S0P ee
OELTe(ISKT=[FINIZ}00, S5 Pee
WRITEl8ed1U) DELT S imres
310 FONMAT (2910 GAIN CALCULATIUND COST 161220201 SECONDS OF CPU TIME/ SInree
AZ) : S1nree
JU0 RETURN Y L )
ENQ 21046




The following is from Reference 1 and is included for the convenience of

the reader.

The gain coefficient for a gas dynamic laser is decribed with the aid of
a simple three-level model representing a flowing NZ-CO2 system interacting
with a 10.6u beam. The relevant energy-level structure is illustrated sche-
matically in Figure 62. The upper (001) and lower (100) laser levels of CO2
are designated a and b, respectively. The symbols n, and n denote the popu-
lation densities occupying these levels. The first excited vibrational level
of N2 is nearly resonant with the upper laser level. The population density
N is nearly resonant with the upper laser level. The population density N

in this level preferentially pumps the upper laser level. Since the ground
state CO2 and NZ populations, labelled n, and No’ are generallv large com-

pared to N> My and N, the magnitudes of n, and No, are relatively unaf-
fécted by transitions to and from the excited levels. Accordingly, n and No

may be viewed as constants, i.e., n_/N_ = CO,/x, = constant where X and
o O 2 NZ C02

Xy _ are the mole fractions of CO2 and N,.

N, 2

n .
(001) 3 a PU— N v=1
r

hU

n
(100) b b

8 e
N
(000) No —_— V=0
CO2 N2

Figure 62. Relevant energy level diagram for N2-CO2 system.




For steady flow in the x-direction the rate equations describing the
spatial variation of the three relevant population densities ns My and N
are given by

én
v E-i-sz\N - {a+I)ng - (0l/hv) (na-nb) (167)
o
Ve———2=-8n = (cI/hv) (n_ - n.) (168)
— - -, a™ M
§N
v *5? = Pna - AN (169)

Here, v is the flow velocity (assumed constant): a and 8 are the relaxation
rates of the upper and lower levels; A and T are the forward and backward

pumping rates of the upper laser level; o is the optical cross section for
the laser transition; hv is the photon energy; and I is the beam intensity.

Since the pumping rates A and I' are proportional to the ground state
population densities n and No’ respectively, it follows that

AT = x.. /% -
CO2 n2 (170)

Under typical GDL operating conditions Xco. SSXy Also typically, the upper
2 "2
level decay rate is slow relative to the lower level decay rate, and the

latter is slow relative to the backward pumping rate, i.e.,

a<<fB <<l (171)

The beam is assumed to propagate in the z-direction. For purposes of
analysis it is convenient to suppose that the transverse intensity profile
at some axial station z can be divided into a series of constant intensity
segments, as illustrated in Figure 63. For example, in the nth segment
(xn<X<xn+1) the intensity distribution is approximated by the value In =
constant., For the moment, the segment width Xne1 = % is left unspecified.
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Intensity, 1

{l

"'Step'’ Approximation

i
l )
|

d L

"3, 0 Xn Xp * 1 3;

Distance in Flow Direction, X
Figure 63. Step approximation to transverse intemnsity
profile.
The gain coefficient for the laser transition is defined by
g(x,1) =.0(n_-n) (172)
We wish to solve for g = g(x,I) in the nth segment (n = 1, 2, 3, ...) where

I = In = constant. The upstream edge conditions na(xn), n, (xn) and N(xn) are
presumed known from the solution in the adjacent upstream segment. By succes-
sive application of the nth segment solution, commencing with the segment at
the upstream edge of the beam, one can in principle solve for g throughout
the optical cavity.

The advantage of the segmented description is that an exact solution can
be found in a region of constant beam intensity. Moreover, under suitable
approximations, to be discussed later, this sequence of exact solutions can
be put in a simple analytical form suitable for application to a smoothly
varying beam profile.

Applying the Laplace transform to equations (167) through (169), one
obtains

23
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oy

R .

abs=g¢ (173)
where s+d+P+Wn W "
i = -wn s¢B+Wn 0
-T 0 s+A
‘ Ha na(xn)
b= lﬁb = Iy (x)
N N(x,)
Here, ﬁ;(s) = (1/v) dx niz(x) exp [-s(x - xn)/ﬁ , etc..,
X
and W, = olp/hv.
Solving by 2
-1
na(s) =ldet [(s+6+w‘n) (s+A)na(an + wn(s+/\]nb(xn) +A (s+ﬁ+wn)N(xn)] (174)
-1 -
nb(s) =|det {Ws(x+A)na(xn) + [(s+aﬁr+wn)(s+A) - AT nb(xn) + wﬁ\N(xn)} (17%)
L1 2
N(s) = de1 g(s+d¢wn) Fna(xn) + Wnrnb(xn) + [(s+a+F+wn)(s+B+wn) - wn] N(xn)}
(176)
Here, |det| is the determinant of a given by
_ .3 2
det] = s +kzs +kls+k° (177)

where

ky = 8 + A+T+2W
n
ky *8(A+T) + W (24+T+8)

ko =A8(a+W,)
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The approximate equality sign refers to the use of the first half (a<<8,A,T )

of the inequality 171.

Under the same approximation the roots of equation (177) are given by

AB(a+wn)
rla‘s(/\-l-r) + Wn (2A+T+8) (178)
1 Z 79
rz = -2— [A+r+ 8+an - J(Aﬂ‘-ﬁ) + 4wn (wn” A)] . (1 )
Ty =3 [A+l‘4- Bo2N_ + g (AT + AW (W - /\)] (180)
where ;det| = (s+1)) (s+1,) (s+r5).

In the absence of a beam (wn = 0) the roots T, T, and rs have a simple

physical interpretation.

=alA/(A+T)

0
1
T 2 =6
2 2 (181)
)
3

The value ri defines the relaxation rate of the available laser energy (the
upper laser level coupled to the vibrationally excited Nz) in the absence of
a beanm; rg describes the lower level decay; and rg is the rate at which pump-
ing equilibrium between the excited CO2 and NZ is established, Typically,
r:<<rg<<r§.
As wn is increased from zero, the physical identification of the roots

T rZ, and r3 becomes somewhat obscure. However, the inequality r1<<r_,<<r3
appears to hold for all values of Wn' This feature leads to an important
simplification.

*Care must be exercised not to introduce the second inequality at too early

a stage in the calculation.




Taking the inverse Laplace transform of equations (174) through (176) one

obtains a solution in the form

n,(x) = A exp ['rl (x-xn)/v] + B exp {~r2(x-xn)/v] + C exp {-rs(x-xn)/\/] (182)

where A, B, and C are functions of the initial conditions na(xn), etc., and

of the various rate constants. Similar expressions hold for nb(x) and N(x).

In the absence of a beam (Wn = 0) this solution reduces to the simple <
form 3
n(x) = == [n(x )+N(x)] exp| - (x-x_)/v ]
a A+T a‘’n n P L 1 n j |
|
.
n_(x_)-AN(x_) N
+ [ a An+ - n] exp [-1'3 (x"‘n)/‘J (183)
nb(x) = nb(xn) exp [-r% (x~xn)/v] (184)
N(x) = I\"i;f‘ [na(xn) * N(xn)] exp L-r{ (x-an/v]
rn_(x.) - AN(x.)7 1 .
a n n ° ' ;
__[ —T J exp [-r3 (x-xn)/VJ (18%) i

+he quantity na(x) + N(x)] , describing the available laser energy, decays at

the characteristic rate r, while the quantity Fna (x) - AN(x)] , describing
0

3

When the beam intensity In is nonvanishing, the details of the solution

the departure from pumping equilibrium, decays-at the rate r

become rather cumbersome, and successive application of this solution to a
series of adjacent beam segments would be a tedious task. Fortunately this
complexity can be largely eliminated with the aid of two physically reason- {
able assumptions.

The first assumption is that the segment widths Axn = Xp,q - X, can be
made somewhat larger than the characteristic lengths v/r2 and v/rs. In other
words, the intensity distribution I = I(x) is assumed to vary little over the
characteristic lengths for lower level decay and pumping equilibrium. In this
event the second and third terms in equation (182), evaluated at the down-

stream edge of the nth segment, can be neglected,
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If, in addition, the rate of stimulated emission w (n=1,2,3,...) is
less than the pumping equilibrium rate A + T', it follows that pumping equilib-

s ey )

rium can be assumed throughout the optical cavity, i.e.,

I‘na(x) = N(x) (186)

Application of these approximations yields for the population difference
between laser levels evaluated at the downstream edge of the n h segment

3(A+F)na(xn) AXn
N (Kher) -y (X0 B(A+L) + W (2A+T+8) P |0 W) =

s o
e

n

8 Axn
EIW; na(xn) exp |-r, (Wn) - (187)

where, in the latter expression, use has been made of the second half of the
inequality (171).
By a similar procedure one finds

a1 (188)
na(xn) x na(xn_l) exp | -1, (wn-l) —

Repeated substitution of equation (188) into (187) gives

an, (x,)
na n*l) nb (x n+1 = _EIW;__ exp - [rl(wn) Axn * rl(wn~1) Axn-l
MEEEI S 2 (Wo) Axo] /V( ' (189)
bl v
1f the segment widths Axn(n =0, 1, 2,...) are now viewed as "infini-

tesimals" equation {(189) may be rewritten
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13

na(xo) [ 1 | /
n,()-n () = 7oy e |-y | 9Ty (190)

|
n_(x.) exp ‘-r' (x-x )/V] l y
0 1 0 1 / .
= a 1+w(n) exp |- V odx (1’1-1‘1)

where w(x) = oI(x)/hv8 and X, defines a convenient reference station (e.g.,
the upstream edge of the beam).

Using the basic definition (172), the rate expressions (178) and (181),
the identity (170), and the inequality (171), one finds on substitution into
(190)

(x) [g°m <0y’ xd« ")
g(x) =\ TR &P - —v/ Tow(xy
N, X, (191)

where - is the small-signal gain coefficient given by

{192)

~

L ™%

{ Xco % (x-xoll

g,(x) = g (x)} exp v

It is instructive to note the physical significance of various terms

appearing in equations (191) and (192). The term in square brackets in
equation (191) is analogous to the usual gain expression for a homogenenously

broadened line in a nonflowing laser medium. Here, however, the small-signal
gain coefficient (192) is not comstant, but decays exponentially with dis-
tance downstream. The nondimensional intensity w(x) measures the rate of
simulated emission 3I/hv relative to the decay rate 3 of the lower level. For
a nonflowing laser the value w = 1 defines the saturation intensity of the

medium.
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The exponential factor in equation (191) represents a corrective term
due to flow. The probability that an initially excited CO2 molecule will re-
main excited after traversing a beam is dependent on the beam profile
encountered by the molecule upstream of the point in question. This explains
the presence of an integral over the upstream flowpath in equation (191).

In summary, a simple approximate expression has been derived for the
gain coefficient in a flowing NZ-CO2 system. The validity of this expression
rests on two principal assumptions: (1) instantaneous pumping equilibrium is
maintained throughout the optical cavity and (2) the beam intensity changes
slowly over the characteristic distance for lower level decay. Although
these conditions are not always satisfied in practice, particularly near the
upstream edge of the beam, it is believed that even in these instances equa-
tion (191) provides a qualitatively accurate description of gain saturation
in a GDL. The gain coefficient defined by equation (191) is then included in

the complex transmission function
t = exp {g(x,y;l) AL/2 + ide (x,y;Iﬂ (193)

to describe the effect of the medium gain throughout a segment of length AL.
Here, A¢ represents a phase shift due to possible refractive index

variations.

30. SUBROUTINE SLIVER

a. Purpose -- Subroutine SLIVER, shown in Figure 64, applies an
annular aperture to the field. It can be centered anywhere in the mesh.

| b. Relevant formalism -- The field is set to zero interior to the
annular aperture. Mesh squares intersecting the aperture edge have the field
| linearly adjusted for the relative area intersected by the aperture edge.
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( SLIVER ’

!

INITIALIZATION |SLIVER .2—e=-SLIVER .19

4 |APPLY AN APERTURE|SLIVER .20—==SLIVER .37

FORM THE FIELD

APERTURED BY THE |SLIVER .42—==CYCLE 9.68
ANNULAR APERTURE

RETURN

Figure 64. Subroutine SLIVER organi:zatiom.

c. Fortran

Arguments

RIN = Radius of the OUTER edge of the annulus (cm)

ROUT = Radius of the INNER edge of the annulus (cm) '
| NOTE: Both RIN and ROUT must be negative to call "SLIVER" since
‘ if DOUT (=2*RIN) and DIN (=2*ROUT) are negative in the GDL

call IFLOW = 4 section SLIVER is called instead of APRTR.

! Common Variables Altered

CFIL = CFIL contains the original field
CU = CU is used to find the aperture field,

The Logic of Subroutine SLIVER is the following:
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The final field is formed by subtracting an apertured field from the
original. The aperture has a center disk of radius ROUT while the inner
radius of the outer edge is RIN.

The center obscuration is first removed (IIN=0}, then the outer obscura-
tion (IIN=1). This apertured field (CU) is then subtracted from the original
field (stored in CFIL) to form the field apertured by the annular aperture

(cu).

The SLIVER subroutine computer printout follows.
SUBROUTINE SLIVER 76/176 0PT=1 FIN 4.6+452 04/27/79 12.23.47
SUBROUTINE SLIVER(MINIROUT s XPUSeYFUS) sLiver 2
c ANNULAK APERTUKRE THANSMLISSLUN FUNCTLUN SLIVER 3
c THIS AVUliines »nICH QPERRAIES L A MANNER SEIMILAK TU SUBRUUTINE SLIVER .
= APEMTURE s APPLIES Al ANNULAR UHMSCUMATION wiTH [NNEW ANO OuTEN SLIVENR L]
[ HAUTL GF RIN ANV WHUUT, HESPFECLIVELY SLIVENR [
LEVEL 29 Cu SLLvEN 4
COMMON/MELT/CU (10384} sCFILTL0D12) o XARI128) sl sNPTSoNFY sURKyURY St.iver -]
COMPLEA CUWCF L SLIvER 9
ROCXXeYY o LAsLY) SOUMT L (ABS LAR) ¢ [XOUK/2e) @020 (AHS (YY) DY/ 2% V) 002) SLIVER 10
HAPR TRBABS LROUT) stLIveRr il
RO ISK3ASS IR]IN) SLIVER 12
DABRAR(2) =XARL]) SLIVER 13
DYsOx SLIVER ie
[insy SLIVENR 15
RAUSKRAPH TR SLIVER 16
NOUSNP TSONPY . SLIVER 17
DO 98 sl NOD SLIVER 18
98 CFILtI)sCutl) SLIVER 19
99 DO 10l [1Xsl+NPTS SLIVEN 2u
ASRAR L] 1R) sURX=APQS SLIVER [}
DU 101 [lysl.NPY SLIVEN 22
YSRARLILILY) sUNY=YPOS SLIVER 23
HPWaRQ(XeYelol) SLIVEN 26
RMMESHO (KoY owlo=]l) SLIVER 2%
RMPERO (XeYowiol) SLIVER a0
RPMSRY (XoVoloei) SLIVER a7
Pene}, SLIVER <8
RAMAXSAMARL (RPP o RMM ¢ HMP o KM ) SL1VER 29
1F (AMAXLE.RAQ) GU TO luv SLIVER 30
PENSY, SLIVER 3
RMINSAMINL (NPP o It o HMP o HPM ) SLIVER 32
IF (RMINGEJRAD) GO TO 100 SLIVER 3
PERS (RAQ=RMIN) / (RMAX2RMIN) SLIVER k1Y
100 IF ([INEQel) PERS| soMER SLL{vEnR 38
NNN 8 [IRe([]Yel)onPTY SLIVER Jo
101 CUCNNN) & CUINNNI ® ([.=SUnf(PER)) SLIVER 37
IF (ROISK.EQe0eORe [INEUWel) WU VU Q02 SLIVER 3
[Ins] SLIVER 39
RAUSHO | SR SLIVER (Y]
GO Ty 99 SLivEnr (3}
Lue 00 103 [(s]eNUN SLIVEN 2
CUtl) = CRIL(I=CULL) CYCLEY o8
103 CONTINUE CYCLES o9
WRITE(64300) RAPRTRIRUISK CYCLE9D 10
300 FORMAT (/7281 ANNULAN QUSCURATION APPLIED /15M INSIOE RAUIUSS, CYCLEY n
R FlOs3el/ QUTSIDE RAUIUSEeri10ed ) CYCLE? 72
RE TUNN SLIVER .
ENO SLIVER (3 ]
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31. SUBROUTINE SPIDER
a. Purpose -- The SPIDER subroutine shown in Figure 65 applies an
obscuration to the complex amplitude field in the form of several support

struts, such as those used in a Cassegrain telescope system. Up to six struts
at separate angles may be modeled. The result of the obscuration is listed
in the output stream as an aperture loss.

b. Relevant formalism -- An angular deviation limit a calculated from
the obscuration inside diameter d, the grid spacing Ax, and the strut width
w, according to

o = sin > (we28x)/d (194)

Field points whose inclination angle is not within *a of a strut angle are
assumed to be unobscured. Those points falling within this limit are sub-

jected to closer inspection.

The distance § from a grid center (x,y) to the strut centerline is
calculated by

§ =]y cosé - X sine (195)

where O is the strut angle. The half-width of a grid measured along a
normal to the strut h is calculated by

h = x/2./AAX ([sind{,| cosé|) (196)

then the maximum and minimum distance of the grid area from the centerline,
dmax and dmin are

d = § + h
max

d . =6-nh
min
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CALLED FROM GDL ( SPIDER ) SPIDER 17—==24

i i

CALCULATE
CONSTANTS
' |
REPEAT LOOP FOR DO 10
EACH STRUT =1, NSPD

FOR EACH POINT:

TEST FOR NEAR
STRUT ANGLE

SPIDER.38

CALCULATE MAX AND

MIN DISTANCE OF GRID Dpmin = 5 -h SPIDER .40 ——em41
AREA FROM STRUT m

CHECK TO SEE IF YES
POINT IS OBSCURED SPIDER .42
NO
CALCULATE PARTIAL P = Dmax W
OBSCURATION FACTOR, Omax -Dmin SPIDER.45 —e=46
UPDATE FIELD CU = CU o/Tr

! °
'

Figure 65. Subroutine SPIDER flow chart.
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Points where dmin is greater than the strut half width hs are not obscured.
Points where dmax is less than the strut half width are totally obscured.

The intensity of all other points is weighted according to

intensity weighting = (dmax'hs)/(dmax'dminJ (197)

- Argument List
3 DIH diameter of inner edge of support (hub)
2 NSPD number of struts or spokes
;" THETA array of strut angles

' WIDTH strut width

' XC x-position of center of obscuration

YC y-position of center of obscuration

Relevant Variables

ANG inclination angle of a point (x,y)

ANGTOL angular width about the strut angle which defines the region
to be searched for possible obscuration

DELTA distance from (x,y) to the strut along a normal

DELXDH half-width of coordinate grid measured along a normal to a
strut

PER weighting factor in establishing fractional obscuration
Commons Modified

/MELT/
Cu the complex amplitude field.

1 The SPIDER subroutine computer printout follows.

SUBROUTINE SPIDER 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47

! SUBRYYTINE SPIDEN (wlUFfMeImElAINSPUIACYCoUIM) SPLUER 2
' [ GENERAL SUPPURT STRUT mMOURL S LDEN 3
C ®%ee MODLIFIEY L0/17/79 TO mANULE MULTIPLE THETAS eese SPi0ken .

! 4 THIS WOUIINE APPLIES AN UMSCUNING STHUT TRANSMISSION FUNLTIUN TO SPIDER $
[ THE CUMPLEX FIELDe TRE STHUI LS wluTH wiDk wlTrH AN ANGLE TheTA SPLDER [

C (IN THE SEAM COUMUINATE SYSTEM) ANU GUES RADIALLY OUIwaRYU FROM P 10ER 7

C LUCATION (XCeYC)e DIM 1S Myt VIAMETERINSPU IS NUe OF STRUTS,. SPIVER 8

c VELAUM [y wlUfh/2 OF CUURUINATE GRIU ALUNG NOWMAL TU STRUT, 9P 10ER 9

c DELTA 15 DISIANCE FRUM XoY TU CENTEM UF STRUT ALONG NUNMAL SPLDER i0

- [+ TO STRUT. SPLDER 11
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1 LEVEL 2+ CU SPLDER 12 -

9 CUMMUN/MELT/CU10384) vCFLL(10912) vA(128) 1WLsNPTSeNPY sURX sURY SV 10€EN 13
DIMENSION THETALL) o THET(8) o SINT(0) +CUDT(6) s0LLAUM(G) SP {DER le
COMPLEX CUWCFIL SPLUEN s
DATA PEeinw0PL/ 30161593 v6.265186 / SVIDER T
wOTrM s ¢[DTrH/7240 SV LOER 17
DELXU2 3 (A(Q) =R(1)) / &. 9P JUER 7]
ANGTOL 3 ASIN ((w]lPTHe2,®(A(2)=A(])))/ OiIn ) SPLDEM 19
00 S ITsl.NSPU SPIDER 20
THETIIT) @ HETALLT)/9T.3 SPLOEN 21
SINT(IT) & SIN(THET(IT)) SPLDER 22
CUST(IT) = CUSITHET(IT)) P [OER 23
S DELXDOM(II) ®» DELAOZ /7 AMARL (AMS(CUST(11)) 0ABSISINIILIT))) SPLIDER 26
12=0 SPIDER )
00 10 JsieNPY SPLOER F
DU L0 IslenpTS ¥ LDEN a7

1 s 1201 S¥ 1DEN 20 !
ANG 8 ATAN2(AIJ) X (1)) SPI0ER 29
C THIS STATEMENT CHANGES THE ATANZ HETUNNED ANGLE FRON THe INTERVAL SV LOEN Jo
C =Pl TQ Pl 10 TME INTERVAL U TV ¢P1. P 10ER k11
IF (ANG.GT . (=P1) «ANDeANGaLT o Ve ) ANG 8 ANG ¢ TwOP] SPL1DER ]
D0 10 [Ta),N5PD SPIOEN 33
C IME FOLLUWING ]S NECESSARY TO MAKE ANGLES NEAR 2P1 SEEM CLUSE TO SPL0EN 36
C  ANGLES NEAR u . SPIDER 3s
IF (ANG.LT. PI ) GU TV 1> P 10ER kT
IF (AUS (ANG=TWOPLI=THET (LT} ) JLE.ANGTUL) GV TO 17 S‘_'IDER a7
1S IF(ABS (ANG=THET (IT)) «GToANGTUOL) GU TO 10 SPIDER 3
17 OELTA 8 ABS((X(J)=YCIOCOST(ITI=(X(I/=ACI®SINTLIT)) SPLOEN 49
OMAX = DELTA*ODELAUNCIT) SPLOEN 0
OMIN = DELTA=DELAUN(IT) SP{DEN sl
IF (OMINJGE . aOTHH) GO TO LU SP10ER "2
PER 3 0.0 SPLOER 3
IF (OMAXLE.wDTrM) GO TU &V SPIDER Y
PER 3 SUKT ((UMAX=WDTHMN)/ (UMAR=QMIN)) $P LDEN o5
€0 CUtIZ) s Cu(l2)*PER SPLDER s
10 CONTINVE SPS0ER o7
RETURN SPLDEN .8
ENO SPLDER 9

32 SUBROUTINE SPTAN

The SPTAN subroutine shown in Figure 66 functions to take input values
of x and y and return the angle whose tangent they represent. SPTAN insures
that the angle returned is within the range

0 £90<2m
FUNCTION SPTAN 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
FUNCTION SPTAN(ReY) SHTAN 2
Pleleleld92006 SPTAN k]
SPTANS0,0 SPTAN .
[Fix) 10020030 sPtan 9
10 SPTANSPI*ATAN(Y/X) SPTAN )
RETURN 9P TAN 7
20 [FLY) 21022423 sPiAN 8
€1 SHMTANS].5%( SPTAN 9
22 NETuRN SPIAN 10
23 SPTANSQ .90 S TAN il
HETURN ¥ TAN 1
30 SPTANSATAN(Y/X) SPTAN 13 :
IF(YelToVel) SPTANESSPTANGZ, ¥ SPTaAN le
HE TUNN aP1AN 19 |
END SHTAN 16




=0

Figure 66.

NO
YES

-

RETURN

SPTAN =
SPTAN + 2z

RETURN

Subroutine SPTAN flow chart.




33.. SUBROUTINE STEP

a. Purpose -- Subroutine STEP shown in Figure 67 is used to propagate
the field through a vacuum. It also calculates Strehl intensity.

b. Relevant formalism
(1) Propagation -- STEP allows for two types of propagation

(a) Constant area mesh -- This type is used to propagate
collimated and quasi-collimated beams. [t assumes that edge spreading of the
beam due to diffraction is not severe enough for the beam to get too close to
the edge of the calculation region.

(b) Variable area mesh (VAMP) -- VAMP is used to propagate
beams containing phase with curvature. As will be shown, the curvature is
first removed from the field. The (collimated) field is then propagated an
equivalent propagation distance which is defined by the formalism. After
propagation, the propagated curvature is returned to the field.

The theory of VAMP propagation is developed in Section 5-D of AWFL-TR-
73-231 and is repeated here for continuity.

First, consider constant area mesh propagation. The scalar wave func-

tion propagating in the Z-direction is written

i(wt-kz)

¥ (%,t) = UDe (198)
The function y(x,t) obeys the scalar wave equation derived from Maxwell's
equations
2 1 %y
VY =2 s X (199)
2 2
¢ 3t

If one assumes that

5

ENL <<k B_u
32
it

then u(x) obeys the paraxial wave equation

s, 33% -2k & .o
3x2 3y 3z
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S < st RS aE Ao Sl Seshatfl oo ndiie

v

Y

INITIALIZE
PARAMETERS

CALCULATE X AND K
SPACE WiNDOWS
FOR LATER USE

REMOQVE
TILT

i

CALCULATE VAMP
PARAMETERS

)

ESTABLISH
PROPAGATION MATRIX

REMOVE GAUSSIAN
"ENVELOPE"” FROM

CONSTANT AREA MESH
PROPAGATION MATRIX

A

PROPAGATE
VAMP "ENVELOPE"

|

L

STEP. 2-==STEP. 26

STEP. 27-==STEP. 33

STEP. 34-==STEP 44

STEP 48—e=STEP 63

STEP. 67—e=STEP. 76

STEP. 78 —==STEP 9§

STEP. 100-==STEP. 115

STEP 126-w=STEP. 137

|

ADJUST DXREAL
AND DYREAL

APPLY X-SPACE
WINDOW

UNFOLD SYMMETRIC
FIELD FOR FFT

|

CALL FOURT

) -

CALCULATE
STREHML INTENSITY

|

APPLY PRCPAGATION
MATRIX

CALL FOURT

RETURN THE GAUSSIAN
"ENVELOPE" TO
THE VAMPED FIELD

Figure 67.

208

Subroutine STEP organization.

STEP. 132-e=STEP. 133

STEP. 134-==3TEP. 148

STEP. 148-e=STEP. 154

STEP 177

STEP 164—=STEP 131

STEP. 195-e~STEP. 231

STEP 224

STEP. 238-e=STEP 258
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By using the method of Fourier Transforms u(x) is

~ . . 2+ f2
u(x) = J/;fxdfy EZHI(EXX+EYY)U(fxx + fyy yeimz (E 7 (202)

where

U(E,E) = deX’dY'e‘z“l(fxx' * 5 gxt, v, 0

The Fourier Transforms are efficiently performed by using the FFT.
For variable area mesh, the following approach is used:

The spreading of the beam is estimated by that of a Gaussian reference beam
with the same radius of curvature as the physical beam. This curvature is
removed so that during propagation the beam continues to fill the calcula-

tion region.

Propagation of a Gaussian beam is easily handled by assuming knowledge
of the associated Gaussian plane wave. According to Siegman, Chapter 8,
(Ref. 14), a Gaussian plane wave (at Z = 0)

2 2 2 -
2 1\ -
Uo(xo’yo) = V7 (;;)E (xo : y0)/wo (205)

when propagated a distance I becomes

R 2.2 k 1
u(x,y,z) = J?': (W%z_)') gmi(kz-4(2)) _-(x"+y") (ZR(z) + w(z)z) (204)

where
2 2
-1 2
R(z) = z + -r_{— w(z) = tan (_—-)
“ "R
r4
W(A.) = Wo 1+ (;;)

14. Siegman, A. E., An Introduction to Lasers and Masers, McGraw-Hill,
New York, 1971.
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with

, the Rayleigh range.

Therefore, to propagate a Gaussian beam of waist w(Z) and radius or curvature
R(Z) a distance AZ, the following approach should be taken:

Knowing the waist and radius of curvature, one can determine the spot

size w5 and distance to the spot size Z, according to

R(z,)
z, = 1 ;
AR(ZI) ) (20%)
1+ —
™ (z,)
w(zl)
w =

o 2 \2
v i (z,) (206)
1+ AR(zl]

Then, from this origin a distance 22 = Z1 + AZ is propagated to determine the

desired wave function.

Since it is known how a Gaussian wave propagates, it is possible that
transforming a given wave with a spherical wave front to Gaussian coordinates
could result in the propagation of a quasi-collimated wave. The appropriate

transformation is found to be

2 2
. |k(xD + ¥ -1 [z
ity . [ R(z) A" (ZR) (207)

<3

u(R) =

where Z is the distance from the current reference Gaussian beam, defined by

R(Z) and w(Z) to its spot. ZR is the Rayleigh range of this reference Gaus-
sian beam.

By transforming to Gaussian coordinates:

X = x/w(z2) Z = tan”} (—i) Y = y/w(z) (208)
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The beam transformation is written as

P .
u(X) = v(X) s%s_:. cH(XT+YT) tan T o+ iz (209,
0

Inserting this equation into the paraxial wave equation results in the fol-

lowing differential equation in terms of Gaussian coordinates

a2 2
PR LA B A BN RS I e TG D R (210)
3L 2 2
X° oy

which, except for the quadratic, is similar to the paraxial wave equation.
The quadratic term (Xz + Yz)v can be dropped if the reference Gaussian para-
meters and propagation distance are chosen so that v is equal to zero when-
ever X or Y approaches 1. This implies that the initial waist of the refer-
ence Gaussian be much larger than the size of the beam to be propagated. The
propagation distance AZ must then be restricted so that the waist of the
reference beam remains large compared with the beam size throughout the prop-

agation. With these restrictions, the equation for v in Gaussian coordinates

becomes . -

2 2 .
2_%+3‘2’+4v-41_3‘,=o (211)
3x 3Y e

-~

As is the collimated case, Fourier Transform analysis gives the following

result:

- *

' 20i(£ X-£.Y)
v(X,Y,2) s'l/‘dfxdfy V(£ £, D)e iy

7y
where

Il - 2 - -
VIE £ ,2) = V(£ £ ,2)e [1'“ (f .+ fy"] ==2y)
X’y X'y

&

L
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and

P

V(E £ 7)) =_[7;XdY V(X,Y, D) e 2T EHEY)

-0

the propagated wavefunction is then v(X,Y,I) multiplied by the propagation

envelope:
cos Z  i(x*+Y?) tan z + iz
u(x,y,z) = V(X,Y,2) = ¢ - (213)
s}
where
X .Y o. -1z
X =3 MRETE R (Zx)

z being the final distance from the reference spot. If the propagation takes

place well outside of the Rayleigh range, Z is much greater than ZR and the

expansion of the arctangent for large argument can be used:

(%]
[}

(9]
u

(214)

{2) Strehl intensity -- Since subroutine STEP propagates the beam
using Fourier Transforms, the Strehl intensity is easily calculated.

’ The Strehl intensity gives an irradiation of the amount of aberra-
E ? tion present in the beam at a given limiting aperture. It is defined as fol-
}" lows: Consider a field U(x,y). The field in the Frauenhofer diffraction

! region (the far field) is given by equations (4) through (13) in Goodman:

-]

{ 2791 o a
. i . -k 2 2 .-—L—- (X.x/) R ,
: u6;3 = k= iy (x"+y7) u(Me Az dx’ (215)

-0
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Aside from the phase factor in front, this is just the Fourier Transform of g
the apertured field evaluated at

AN
f =

%

(216)

The Strehl intensity is defined as the ratio of the centerline intensity of '
the far field to that of a plane wave propagated the same distance coming
from the same aperture with the same power. Analytically this is given as

2
. F(u(®)) |,
I _ CL-FF f =0 (217)
STREHL ~ T - 2
LL-PW-FF Fluczn) |
pw f = Q

The plane wave centerline intensity is evaluated from
3 =7 27t cosﬁ]
Jer Joe ]
X d8 =
F<upw (x )) AO J rdr s € £=0 (218)

ma A

A° being the plane wave amplitude and a the radius of the aperture. Assuming
a calculation region size of the L x L with N x N = total number of points,

the centerline intensity of the far field for the real beam is found from

= 21r1?-;
F (U(-’?)) :/]—Ku (X )e
-0
L b an.‘\c

=fdxfdy ulx Je

[o} o}

Al L e (LY (1€, + JF )

L L AMil = 3

’E{(v)é (F)v a. ne [§) 4+ (219)
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where

L L L
A‘(=AV=V and X = [*IN y = J*\N
assume
MB
fx = E% and fy =N

where B is twice the maximum frequency of the spectrum of u,

then
NN
. (LB\(KT M7
£ (u(¥)) =F (K, =(!‘3')ZZ z: va,ne 27 IS - R) (220)
) I=1 J=1

But from the theory of discrete Fourier Transforms LB = N, so

NN |
F(K,M) = (%)ZZ 2 u(r,gye 2™ (KL + MO/ (221)

I=1 J=1

The whole sum is just the (K,M) output of the FFT routine, so

FK,M) = (%) P e W (222)
5

The FFT returns the DC value (centerline) at F (1,1) so the Strehl inten-

FFT
sity is defined as

O eer 1.5)
NJ | FFT ‘™’ (223

LSTREHL™ (237 1
Q

where I° = AOZ = plane wave intensity.

Note: If the beam is not limited by an exit aperture just before the Strehl
calculations, it is possible to have ISTREHL greater than one.
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c.

Fortran

Argument List

DELZ
RADCY
WINDOX
WINDOK

IFG

ITR

IPS

AX
AY

NWRT

) IFLAG

#

#

Distance to be

radius of curvature or the phase front
x~space cosine data window for FFT
K~space cosine data window for FFT

Vamp control parameter

1 constant mesh

2 variable mesh

Vamp control parameter

0 stay in vamp

1 transform back to constant mesh space
Tilt and defocus removal flag

0 no correction

1 remove tilt

2 find defocus radius of curvature

31+ 2 together

total beam tilt kep track of for beam placement in the
inertial coordinate svstem instead of the beam coordinate
system

0 Propagates a wave distance DELZ without altering the stored
value of total Z. NWRT = 1. Suppresses Strehl intensity cal-
culation as well. NWRT = 1 when STEP is called from QUAL.

0 Assumes VAMP and/or CAMP parameters are established. It
tells the routine to continue the propagation based on

previous calculations of waist and curvature.

, Common Variables Altered:

! cu

. CFIL

- becomes the propagated field

- is altered if IPS # 0 by a call to TILT
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altered if in VAMP

~
’

DXREAL
DYREAL

moved to keep track of center of beam in inertial frame as
the beam propagates

WNOW - VAMP parameter altered to keep track of the current spot size

NREG

Flag to tell whether:

0: Constant area mesh propagation

1: VAMP inside half the Rayleigh range

2: VAMP outside twice the Rayleigh range

Other routines called:

1
TILT ;
FOURT

Computer printouts for subroutine STEP follow.

SUBROUTINE STEP 76/176 OPT=1 FIN 4.6+452 0a/27/79 12.23.47
SUBROUTINE STEP (DELZ s RAUCHK s wNUOX s wNOUK ¢ AF Go [ TR [PSeAXsAY oNWH T slfep 2
A IFLAG ) step 3
C GENERAL PHOPALATING ALGUR]THM afeP °
C THIS RUUTINE 1S USED TU PRUPAGATE THE CUMPLEA FIELD A DISTANCE sfep 9
C UBLZ = LFLAGS]) IS udSED wheN CUNTINULNG wliTh SAME PHNQPAGAT[NO MATRIX ofeP [}
LEVEL 29 CUsCUN sleP 7
COMMUN/WAY /WNOW o NRE G o HAP Tit STgd 8
CUMMON/MEL T/CU( 10386 yCFLLI10512) 9A(128) 18l aNPTSINPY sURNEAL JUYREAL STEP 9
UIMENSTION NNO(2) s APN (2+2610) +PACTR(08) 4CURII27068) »COUMR (2) S1EP 10
DOUBLE PRECISION w9 ZHAL L1 +HAOCUN wwowF o TNZZ sTeP 11
CUMPLEX CuslP ILeCUUM siep 12
EUUTVALENCE (CU(L)sCUNIL)) o (COUMICLUMR(L)) o lEP 13
VATA INTE 7040/ sfeP 1s

IF (IFLALNESD) GO TU 2000 SfeP 1% i
Plad. 1419692 9TEP 16
NP2PRaNP 52 SiEP 17
NP 8 NPTS/2 S1EP 18
NPPlz W o) sieEp 19
ANP28] ,u/FLOAT INPTS) o902 slep 20
NNU (1) & NPTS step 21
NNY (2) 8 NPTS STEP 22
NANS2ONP [SONPTS step 23
NHEG=Y Step 26
HADCUNSRADC MR SiEP <%
DCALCLEX(NPTS) =X (1) *R(2)=R1(]) step 26
1F (WNUORGLE.Ve 0} GO TU &0 5TeP 27
N4ONOOA = WNDURSFLUAT INPTS) step 28
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C X=SPACE COSINE UATA wiNOOw step 29

U0 211 1sleNwNUOX step k)

211 FACTR(I) & (1e0=COS(RI®FLUATLL)/FLOAT (NWNUUX))) /240 step 31

o8 NWNOOK 3 WwNDOK®FLOAT (NPTS) step 32

NOENPP | = L aNWNOUK STEP 33

IF (IPSNE.U) GO TO L1J7 step kT

IF (1FGeLTol) GO TO 1137 step s

1F (IFG.0T.2) GU TV 1137 slep Jo

IF (IFG.t0.1) GO 1Q 1002 SiepP 37

GO T0 S slep 38

¢ OETERMINE LINEAR AND WUAUWATIC CUMPUNENTS OF PHASE slep 39

1137 CALL (ILT(ARsAYRADCOR(PY) STEP .0

IF ([FselTel) GU TO 1439 SIEP 'Y

IF (1FGeToel) WU TU 1139 2 [EP .2

IF (IFGekQel) GV TO 1002 step L X

GO T0 S step LYY

3 1139 RUREAK=L.E70 step 7Y
. IF (DAUS (RADCUR/ZOELZ) «GT sHaNEAK) GO TU 1002 STEP .6
C 0000000000000 000000000000000000000000000000000000000000000000000000 stgp &7

c VARIABLE AREA MESH PROPAGAT (UN TRANSFUNMATION TU EQUIVALENT step 8

- c CULLINATED BRAM Slep .9
y S ALPMAS1O0. step 90
[ DETENMINATION OF BEAM wAlST AND DISIANCE TQ T step $1

Wl 3 ALPMA®UCALCL/Z. step 52

' we 2 (wi®wlePl/wi) ®eg SIEP 93
Z1l = naUCuK®ww/ (RAUCUR®®2oww) Step Se

wy 20SAR | (DSURT (HAUCUN®ZL=/1*92) *wL/¥ () sfep S5

IRAL s Piowgowu/w, step 56

ANZS2, sieP 57

IF (DABS (L1) LT ZHAL/ANL) nHEUS) step 58

IF (DABS(Z1) +GT cZRAL®ANYS) HEURE 9TeP 59

IF (NWEGeEWaV) GO TO L2 sTer 60

IF (DABS{Z1oUELL) ¢ 3T o LRAL/ANL ¢ ANV JNHRE D EWe L) GU T0 L2 siep 6l

1F (UABS LZL1*0ELL) e T o ZRALCANL s ANU siiRE GoEWed) GO TV 12 sliep 62

DUME s W{0820/KAL/ (UCALCL/wi) ®02 siep 63

2 IPnT 3 ) sieP oe
(4 ESTABLISA PWHUPAGATING MATHIA . sier 1)

c INCLUDES FREGQUENCY SPACE UaTa winyOow afEgp (13

VU 101 JmegoNPP) SIEP o7

g AUMLISY B (y=o))ee2 STER o8
4 wFACTR = 1.0 Siep 09
K [FtJdeuTod 2ANDs NWNUUKGOGT U} sfep 70
1 wbACTR 8 (1¢0<COS(PLOFLUOAT (NPPL=U)/FLUAT (NWNOUK) )}/ 2oV STEP n

DO 101 L=led S lER 12

DUM B(AJM1SQe(]=])®e2) siep 13

IPNT a8 [PNTey SIEP Ta

APH (Lo IPNT) swFACTR SIeP 1%

101 APRI(24 [PNT) SUUME *DUM step 1e

TNZ1 = Z1/IHAL SIEP 12}

JTET] Slep 78

DU 2 KslINPY SIEN 79

YSQ ® X(R)eeg SIEP 80

DU 2 I=)lenPIS SIEP [}

IVl 8 1yl » |} STEP 82

1412 = 1yl » 2 step .3

1Ji2Ml = (Ul = 1 siep TS

PHI & (X(])ee2 o YSQIPINZL/W]i®eQ step s

Sin® 3 SIN(PHD) slep 86

COUSP s CUS(PM]) SfEP [}

i CURS = CUR(IJIZmML) ster 88

: CUN(IVIZML) s wiel CURS®CUSP = CUNR(IJI2)*SINP ) sfep 89
2 CURIIJLID) s wle®( CUNS®SINK ¢ CUR(IJ[2)*CUSP ) step 90

IF (NWRT (NE . 0) IXEEPRZZZ slep L1}

i 21 = U Step 92
F LINTE=Q, sler 93
' wiaw] step %

. IF (1FG.EU.0) [Irs] STEP 9%
60 TO 2000 slep %

t [ 009000000080 08304000000000000040000004000004803008000005000000000000 STCP 97
: c CUNSTANT AREA MESH PRUPAGAI [UN step ve
c INCLUOES FREWUENCY SPACE uala wlNUOwW step 99
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1
1002 ACOUMi=2.*PI/wL STEP 100
OUML = (WL/OCALCL) e®2 STeP 1ol
IPNT s | SIEP 102
¢ ESTABLISH PRUPAGATING MATRIX step 103
V0 200 Js2eNPP) step 1Y
AJMISY = (J=))eeg STEP 108 - H
wFACTR = 1.0 step 106
IF (JeGTav0 ¢ANDe NwNDUKGT o0} step 107
1 wFACTR 3 (1eU=COS(PI®FLOAT (PP Ll=J)}/FLOAT INWNDOK) ) ) /2e0 step 108
00 200 [slsv step 109
DUM 3(AJMLSQe ([=|)eeg) slep 1l0
DUM2 = DUM]oUUM step 111
DUMI 2 (Ue129%0VUMEeV D) PUYME siep 112
IPNT = [PNTe} Slep 113
APR (1 IPNT) swFaACTH step 1le
1 €00 APW L2y [PNT) 3aCOUM] *UUMNI STeP 118
ho c ENTEN RUUTINE MENE writN CUNTInUING w]Ir SAME PRUPAGATING MATHiX sTeP 116
¢ ENFRY CUREIDELZs L TRoNWRT) §Tep nr
QY00 22ZmLlleVELL STEP 118
. 1P INSRT .NEL¥) GO TU a0¢ sfeP 119
53 ZINTLSZINTE~UELL siep 120
y ZLMINSZ [NTE=VELL siep 121
AMESH 8 AINPIS)I=2,08(1)eRr(¢) ster 122
HCEKSB (] s =2.®WNODUA} R (NFTY) sfeP 123
IF (RAPTHGE s RCEK I RAP THEY , sTep 126
eU2 IF (NMEG.EQ.U) GO Tu 92 SieP 129
WNUWSWOOUSURT L1 e * 22/ {RAL) *%2) step 126
AAPANUZWNOW/ wd STEP 127
wiswNUw ster 128
C AUJUST BEAM COURUINATES FUR MAGNIFICATION AND MIRROR TILI step 129
00 93 I=lenvPTS ’ STEP 130
93 XU{I)=A(]) ®OXAPAND step 131
¥2 DANEALSUAREAL® SIN (AX) ® DELL S!’EP 132
ODYREALSUYREAL® SIN (AY) @ peLd STEP 143
] IF(WNDOXLEsVe0) GU TO &9 STEP 136
v c APPLY X=5PACE COSINE UATA wINuOW slepP 139
4 DU 212 13l NPTS sfep 136
00 212 J=]sNWNOOR step 137
1J2 s I » (NPTS =J) * NPFIS STEP 138
IF (NPYEQ.NPTS) CUILJE) 8 CUCLJE) ® FACINLY) sTepP 139
IJlsleti=1)oNPTS step 140
212 CULLJD) =sCULLIL) *FACTR(J) sTeP 11
00 213 JsmleNPY siep 102
1V = (J=l)oNPTS step 143
00 213 Is]sNwhNUUA Step l6e
120NPTSe =] STep 1e8
CULTolUISCU(LoIJISHACTR(]) SiEP 140
213 CULleelu)aCuil2e ) oFACTRIT) StEP 187 4
(4 UNFOLD SYMETWIC FLELD FOR FFI uSE step 168
09 IF (NPTS.EQ.NPY) Gu TO 5S¢ sfep 149
DU 15 usieNPY STEP 150
DO 195 IslenNPTS step 151
IV 8 ] onPTSE(yYs]) stee 192
I = 1 o (NPTSeJ)eNPTS step 193
19 CutIvl)s CUiLlW STEP 156
c 0080000508500 000 s 'ﬂ:m ‘" TtNS ‘ 'V CMCUL‘ f lu" 0000000000000 090000 s 'gP ] ,5
C & STeEML INTENSITY [S CALCULATED FRUM THE CENTENLINE INTERSITY o sSjEP 1%¢
C ©® UF THE FAR FIELD DISTRIDUTION: THe METHOU USES The CENTERLINE ® SieP 197 1
C ® COEFFICIENT OF THE FFT FUN [HE UNNONMALIZED CENTERLINE ® stlep 198
| C © INTENSITY. POWER CUNSENVATION 1S USED TO DEFINE IHE PLANE wave STEP " 199
' C ® NEAR FLELD INTENSITY vaLUE. THE RATIO OF CENTERLINE INTENSITY ® sSieP 160
cC » (FFT) 1O PEAR [NTENSITY (PLANE wavk) OuFINES STREML INIENSiTYee STEP 16}
[+ * IN THIS ROUTINE, J FORUNAM 10 28 7o o ® Slep 162
C .0000..0.00.00.00.0'0000.0'0'000'000.'0000.Q.0.0.0Q.Q'..Q..O0.00006 S 'EP 103
} 50 1F (HAPTH.EQe0e0c0RNUNT LU 110U TU D0 STEP 160
' XLTOT s 0. STEP 168
. Py = 3.161996 step 166
' AMESHe s XMESHees, step 107
NOEENPTSONP (S step 108
V0 99 Islendu step 169
28] 02 siep A0
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- XITOT = X[TOUT o Cun(lge=i)ee? ¢ Cun([2)ee2 siep 171
! 95 CUNTINUE ’ siepP 172
[« ALTOT = INTROMAL OF [NTENSITY (UNNUKRMALLZED) STeP \73
? C CULL) CUNTAINS CENTEN LINe FPE UF NEAW FLELO OISTRIGUTIUN A TeR slep 17¢
< RETURN FHOM ® FOUNTH, siEp 179
< [HANSFORM COMPLEX P IELD TU FREWJUENCY SPACE wifm Fe T sleP )
90 CALL FUUNT (CUsNAR D )} STEW 117
IF (RAPTHeEdaUeUeURNWNT qdel) U0 TU 99 sler 178
AREA 3 PloRaApPTRHE®Y Sfep L9
AMEASY 3 AWEA ® AKEA sTepy 180
XIsAR = AITOT /7 Nun s Tep 18}
KluRPw 3 ALDAN @ ( (AMESROAMLSM) /AREA) siep 182 :
C **o x[uHPw 3 PLANE wAVE INTENSITY (NEAR FLELU) Slef 183 ;
NUSSWY = wWUd * NUG 9lgh 186 H
AINOWM 3 AMESHS / NUBSQ sler 169 }
CLIFF s (CUR(])®®2 o CUR(Z)®9¢) ® AINUNM SleP 140 ;
3 c CLIFF = CENTERLINE INTENSLIY (FaAN Fledd) sfEP 187
* c STHEML INTENSITY slep 188
. STRINT 8 CLIFF / (AlUnPY® ANEASU) Siew L9
; wRITE (6el0) STRINT SieP 190
r 16 FURMAT(/7/2K¢191 STHERL INTENSITY 2 2612e9) step 191
. 99 HAPTHEQ.U srep 192
0fZsueLZ STEP 193
c CALCULATE VELZ IN EduivaLknwi COLLIMATELU CUORUINATE SYSTEM $TeP 19¢
IF (NWEGeEUL) UTLBUATANILLLZ/ZRAL) =UATAN((LZ22=DELL) /LRAL) SiER 19%
IF (NRBGekGe2) UTZaUELL/ (242%1222=0E0LL)) STep 19¢
: IPNT & | steP 197
A CU( 1 1aCut 1 reanp2 siep 198
: 4 APPLY PRUPAGATION MAFRIX step 199
D0 1UU Jm2.NPP] SIiEP 200
J1 8 NPRP2sy step 201
00 100 [=ley STEP 2ve
11 = NPEP2=] slEP 203
[PNT 3 [PNTe} sfep 2ve
PRl 8 YIZ ® APR(Zy1PNT) SIEP 209
SINP s SIN(PRH]) STeP 206
CUSP a CUS(PHMID) siep 207
ACNST s ANP2 © APR{LsIPNT) siep 208
COUMR (1) = ACNST ® CUSPK SfEP 209
CUUMR(2) = ACNST # SINP siep 210
[ CUUMSBANPZ®aPR ) 9 IPNT) ®CEAP (CMPLA (U, 0 APRIZ IPNTI®DT2)) STER r1%}
CULLenPTO®(Uml)) 3 CUllonplS®igal) ) ®Cuum step 212
IF(lskled) GO TU L08 sTep 213
CULJONPTS®([=]1)) = CUlJONPTS®(=}) ) oCUUM siep 2ls
IF (JEQePPL) GO TU 109 STEP 2195
CUITNPTS®(Ul=l)) & CUlLeNVIS®(Ui=]})?2CLUM Siep Zle
CUlJIoNPTS®(=1))8 CUIJIeNPTS®([=]))*(DUM siep ar
IF(lelTed) GU TU L0V STEP 218
CUtilonPTS®(Uml)) & CUCLLONPISO(Yn])) *CUUM step 219
CUGJenpPTSO® (1ie1)) = CUlJeNPTSS®([1=])) *CuuM sTep 220
CULlenPISS(Ul=1)1 8 CU(LlenriSeiyl=]]))oCUuM Siep 221
CUJLenPTSO(LL=1)) B CUIJIoNPIiS®(ll=]))oCUUM step 222
60 TO 190 slep 223
108 [Fi1.EQen@PL) LU TU 100 siep 226
CUllenkT90iylel)) & CULIonPTI®(JL=])) *CUUM slep 22y
CULJLIONPTO®([(a]l)) 8 CUlJLonPISO®([=]) )} o°CUUM sTeP 26
CUtllonpise(ulell) 8 CULLLONP ISR (JL=i]) *CLUUM step 34
G0 ru oo step 228
109 [F(leTed) GV TU LOU step 229
i CULllonPTSe(U=1)) s CUlllenPTB®(J=]))*C0UM sfep <30
. CUldonbivo([lel}) & CUiJenrid®([l=]))*Chum sTep 2al
100 CUNTENUE siew 232
< TRHANSFORM COMPLEX P LELD TU X=SPACE wilm FFT sieP 233
i CALL FOUMT (CUsNANINNU =] ) s>ty rELY
1 IF (NaRTNEU) 2228¢KEEP siep 23%
IF (iTRoBUOUMNREGoEWSY) NETURN siep 236
. c THANSFORM FRUM EUUIVALENT CULLIMATED CUURUINATE SYSTEM (A€,.YE) ster 237 {
c HACK TQ wEAL CUOUNUINATE SY3TkM (XeY), SIEP 238 :
WF 8 WOSUSURT (1o (L22/LRAL) %) step e39 f
' IN22 8 LLlrsinay siep 260 ;
. FFaTN(2/ (aF *wf) sfep 26} :
DO a2 JUs)NPY step 262
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YSu = R(J)*e2 ’ SIEP 263

DU 42 13LeNPTS . sSlEp Py
191 = [elu=l)onpTS sTep 205
1412 = 2 * Jul sieP 266
1Ji2ml = vl = 1 STEP 267
Pl 3 «(K([)1®02 ¢ YS4) oFF STep 268
SINP = SIN (Pnl) STEP 269
CUSP = CUS(PH]) sfey 250
CUNS s CUR(Jul2ml) SieEp 251
CUR(IVIZM])) = (CURSOCOSP = CUR(1JL2)OSINP) /wF STeP 292

42 CUNIIJI2) & (CUNSOSING ¢ CUR(IJIZ)*COSPI /W Siep 253
AXPANYSWF /Wl step 2%
NRLG = 0 siep 259
WHITE (60522) AXPANU STER 256
922 FORMAT (/3T TRE MaGNIFICATION OF Tre P LELD IS oFlue6/) SiEP 297
RETURN step 25¢

12 wHITE (609) slep 2%
9 FORMAT(//7+33M INVALIDO vARLIABLE ME>M WEGION o/953m SUBROUTT sieP 260
INE STEP COUNTINUING wiTH CUNSTANT MESH +/+65H NOTe POSSIBLE ExP Sler 26}
LANSION UF THE JdEAM OQUTSIUVE IMe CALCs REGIUN  o///) step 2602
fFgs) sfep 263
NREG=Y sTep LYY

60 TO 1002 sigp 265

! END step 266

34 . SUBROUTINE TBLOOM

a. Purpose -~ This subroutine, shown in Figure 68, is used to model
four types of thermal blooming which may be seen by a beam as it propagates
through an absorptive medium.

The four types are:

1. Tranverse
2. Axial
3. Free convective
4. Transient
b. Relevant formalism -- Thermal blooming arises as a consequence of

the absorption of laser radiation by the transmitting gas. The absorbed radi-
ation heats the gas and consequently changes its refractive index. These
variations in the index of refraction induce phase changes in the propagated
beam. Phase changes produced by thermal blooming can result in beam diver-
gence, which overloads apertures and provides a source of high energy feed-

i back. Thermal blooming also degrades beam quality. Thermal blooming models
are available in the SOQ library to describe the impact on the beam phase and
amplitude produced when thermal blooming occurs in (1) a transverse flow
field, (2) an axial flow field, (3) a free convective flow field, and (4)

transient conditions with no external flow.
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TBLOOM. 241 —e= TBLOOM. 246

Figure 68. Subroutine TBLOOM flow chart.
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Figure 69 schematically demonstrates the procedure used to modify the
complex field, U(x,y), as it is propagated through a thermal blooming gain

phase segment within the SOQ code.

/Oftput

Beam Zn +a2

Uo(x' y)

/
aZ Optical Element,
Represents Medium
Defined by t(x,y,l}

/ U,ix,y)

Input
Beam

Uglx,y) = tlx,y, 1) U] (x,y)
Zn ‘

Figure 69. Illustration of thermal blooming model.

As the beam is propagated a distance AL through the medium, it is con-
tinuously interacting with that medium. By requiring that the effect is
small, the integrated effect can be approximated by a finite number of dis-

crete steps in the following manner:

Assume each step is of length AL and that the effect of such a step is
approximated by a vacuum propagation to the center (AL/2), application of the
appropriate transmission function t(x,y,I), followed by subsequent vacuum
propagation of field the remaining distance (AL/2).

The transmission function t(x,y,AL,T(x,y) can be assumed to be of the form

t(x,y,1) = exp[ 2ot -iAch (224)

where a is the absorptivity of the medium and 4¢ can be written




al
% L s e (225)

.

a9
e}

8T = 5T (X,y,3)
Employing the usual Gladstone-Dale relationship to approximate the index
n, (n = 1+pC) and the equation of state for an ideal gas (P = %}o), the

expression for A¢ becomes (assuming constant pressure)

AL
(._o£+)f dz 5T (X,y,2) (226)
T
o

ST represents the temperature variation across the beam as a result of
one of the four types of thermal blooming. It is found in the following man-

>4I [N

Ao =

ner:

(1) Transverse blooming -- It is assumed that the wind is blowing
with speed Vi (con/scan) from the negative x-direction. The resulting temper-

ature variation is:

X
Q . 4
8T, = m ’ I (xiy,z) dx (227)

where I is the intensity of the beam.

(2) Axial blooming -- It is assumed that the wind blows in the

same direction the beam is traveling with speed V (cm/sec) resulting in

a l X FA ’
8T T —— I (x,y,2)d=
ax DCP Vax 'o/‘ (228)

(3) Free convection -- The temperature variation due to thermal

gradients caused by absorption is:

. [ ] X -/ ’
3T | = pr—— [ rx¥,y,z1dx -
TV S/ (229)

o L \T
where v =f 22P2
cC_T
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P(Z') being the total power in the beam at Z' and g, the acceleration due to

gravity.

(4) Transient -- Finally, in the process of establishing free

convection, the beam has a residence time T

variation is

8T

c. Fortran

Argument List
ALFA
CcP
T

RHO

ZLEN

NSTEPS

INPT
NPROP
AXIAL

DT

None of the above parameters is redefined by this subroutine.

Commons:

The variables in common which are modified are:

(1) cu:

tran pC

(sec) during which the temperature

=2 L (230)

P

- Absorptivity of the medium (cm'z)
- Specific heat (J/g-K)
- Temperature (X)

- (1) if RHO<1, it is the density (g/cm°)'used for

free convection
(2) if RHO>1, it is the transverse velocity
- Total length of the blooming medium

- The number of steps required to adequately represent
thermal blooming over a distance ZLEN. Phase per step

shift usually kept < T8

8
- Flag for intermediate plots

- Same as NSTE in cavity

- Axial velocity (cm/sec) and is > 0

- Residency time for transient blooming

the effect of the blooming is applied to CU

(2) CFIL: due to its equivalence with the PH and W arrays, it is modi-

fied when thev are defined.
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SUBROUTINE TBLOOM 76/176 0PT=1 FIN 4.6+452 04/27/79
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Computer printouts of subroutine TBLOOM follow.

SUBRUOUTINE THLUUMIALFAICP » | oMU ZLENINSTEPS s INPT JAPNUP saA AL sUT)
LEVEL ¢ CUsCURomePn
COMMON/MELT/CUC[6380) sCFILILODI2) ¢A(iCH) sal oNPTS o NPY s URKUNY
CUMMUN/ <AY/aNOa e IRELGeNAM T

ODIMENDIUN #([6388) P 103HG)

Heal Cuxii2r/ed)

REAL [SaT

CUMPLER CUeCF L

EWUIVALENCE (CUCL) » QUML)

V00OV 0RR0000H OO 20000000 B0V0000090000020000000
THIS VENSIUN OF foLuum HaS ogEEN MOUILIFLEL  TO
ACCOMOUATE AXIAL SLUUMING CALCULATIUNS PER MHASE
TuU=THrEE WRUPUSAL J FOROGMAN o/ 7Y

V9000000000000 0 000 200000000 (X221 12222222222 1423

THIS WHUUTINE MAS BEEN FURTHEN MUUIFLES 10 ACCUMUUATE TRANSIENT
THERMAL BLUOMING CALCULATIUNS. TRANSIENT Tr.BL. [$ THE PHASE
CHANGE wriCr ~ESULITS FRUM ENERGY AQULTIUN TU THE MEDIUM
wilM NQO FORCED UR FREE CUNVELTIUN o we S0LVEssescose
HQ ¢ CP ® PIEMP/UTIME 3 ALPMA @ [(XeYel)
AND FINO PHASE CHANGE FHOM 1rt LINEARIZED INDEX CrANGERses
0ELTA N = ON/UTEMP SUELTA TEMP

PURGHAM ¢ /7 1Y /e
COBOVOVP0BO0009000%00 009 *e900® V0NV 0009008000
EQUIVALENCE (w( L JoCFIL( 4 2le(PHU L 1+CFILI8193))
NS TsNPROP
M o=y
IoUuT = )

IF (NPROP EWe IR NPRUP L WD) JOUT = 0

IF (NPRUP,EQed) NSTsZ

WHITE (6e5) ALFAWCPTy LLENONS TENS
S FOWMMAT (LI9MOF [ELD nAS ENTENEU SUBSYSIEM 10LOOM = STEADY STATE THER
AMAL 8LOOMING mMEYLIUum /2

XOR 9 25HABSORPTION COEFFICIENT 2 40l2e9eSH CM=]/29K
RLINMSPECIF IC HEATOCP 3 4UlleDe7H J/UM=K/ 29X,
XK1onTEMPENATURE & 1012450/ UkUe K/29Xs
K12HTHICKNESS 2 20GLl2e5e3 CM/E94K
A19MNQe ELEMENTS = 4]3)
IF(OT«GT0.0) WO TQ 700
00000000 YT HGMEATER IMAN Qev INUICATES THANSIENT HLUMING ®ecccssse
[FAKIL «GTotol wRITE(69390)AR]AL
996 FURMAT (294 ¢ 18HARLIAL VELUCLTY 3  46l2e2e 8m CM/SEC )
IF(ARLAL oGTe Oe? GO TU 70V
00000908 AX[AL 3 ARIAL VELUC[IY eoee
IF (A0 LT, lo) willE(840) RMU
0 FURMAT (29K ¢ LUMUENSTY 8 9GL2eDe 7 GM/CMI)
IF (MO «GTe Lo) wHITE(O¢7) MO
T FORMAT (29K 9 2IMTRANSVENRSE vELUCITY 8 4GleeSeTn CM/SEC)
700 DELZ = ZLEN/NSTEPS '
GUC = 243
RAY = ).
ZLAST = 4,
Inuw 2 Do
AveLay = 0.
oMSTUT = Je
LR ] - 0.
PREL ® EAP(=ALFA®DELL/2,0)
*ee PROPAVATE TO FIRST clLEMENT
IF U NPROPGEes ) CALL CUNRE TDELZ/ZoeloM)
IF { NPROVP,0E.46 )
1CALL STEPIDELZ/2esmAU YL ea i oNITor UsUrsVerUerMy))
[F ¢ NPROPLE.S )
1CALL STEPIDELL/eomAN )2 ei 03T s UoUsUosUesMel)
DU vl KE|(NSTEPS
XKM|SK=}

12.23.47
THLUOM 2
f BLOUM 3
18L0Um o
foLoum 9
TuLoum 6
18LOUM 14
TaLLum )
feL.0um 9
19L00M 10
{8LOUM i1
18L.0UM 12
18L00M 13
ToLOOM ls
foloum 1S
TuL0un 16
ToL00M 17
T3LOOM 18
TELOOM 19
foLOUMm 29
IsL00M 2l
foL0UM 22
THLOUM 23
TuL00M 26
i 8L0UM 2%
18L00M 26
TeL00M 27
f8LOOM 28
fBLO0M 29
foLOUMm 30
THLOUM 31
T8L00M a2
TaLoum 33
T8LOOM 3o
t8LoUm 35
TBLOOM 36
TULOUM 37
isLoum 38
TeLOOM 39
iBsLoum 40
iBLoum 'Y}
TeL0UN .2
I8LOOM 3
18LOUM .
| 8LO0M 5
feLOUm .6
TULOO0M .7
TeLOUM .8
el 00N 9
ToL00M 50
teLo0m - 81
tuL00om LT
t¥LO0OM S3
TeLOUM Se
fuL00m °s
T8L00M se
18L00M o7
THLOON 58
ToLOUM 99
r8LOum 00
18LO0M 6l
ToLOUM 62
feL0uUMm 63
fuL0UM 6e
TeLOUM (1]
18L0UM (Y3
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DA 3 A(2) =a(l)

VASWE 8 YAeeg

DCAL 8 NPTSe®yX

XFACT =3 ).

IFINREGeLUe]l s ORJNREGEQe) AFACT 3 | 4/wNOuoe2

C ®®e CUMPUTE POwEr UENSITY
NUHSNPTSONPY
PT = 0.
DO 1u [slenOB
C wi [ ) 3 QUE 1 )OCONJGICUL | 1)®KFACT

wi 1 ) = (CUR(2®1l=])®e2 » (yR(I2®|)ee2) exFACT
10 PT s pPTew( | )
PT = PTOUASUONP [S/NPY
IF(UT«GTe0,0) GO TO 220
C ®®e TEST DT FO DETERMINE LF TWANSIENT B3LUUMING REQUIRED
IF { AXJAL +GTe Ve } GO 0 18
C *%¢ TEST AXIAL TO DETERMINE [F AA[AL BLUUMING IS REQUIRED
vli s RHO
IF(RMO obLTe Le0)
AVY 3 (980 .665%F TOALFA/ (RNUSCPOT) ) 80 (|4/30)
CAPK 3 642831853°ALF A®DELZ®UCAL/ (wL.*CPoTOVT) *GOC
IFLINPT kUe0) GU TU 1S
[F(MUD (KM, [NPT] NELTIGO TU IS
WRITE(6e 1)K oPT VT CAPK
14 FURMAT (s0M) FIELD INCIDENT UPUN THEWMAL dSLUOMING ELEMENTe 124N POW
1ENS 2651205023 TRANSVERSE VELUCITY = 9012490 19MCM/S CAPK 3 4G12
le9)
N 3 0
UMAX 8 V.
CALL QUTPUT (CUSNPY sNPTSeReNoUMAR Y o THUE o ¢ o FALSE e ¢ o FALSE o}
1S PMAX 3 =].E/
wAlSTe = 25
19 CONTINVE
00 29 JalNPY
SUM = Q.
Jizly=l)*NPTS
DV 20 [sl,nPTS
Jusleyl
SUM 3 SUMew( JJ)
PH( JJ) 3 CAPKOSUM/NPTS
CUl JJ) 3 CUL JJI*CHPLX(CUS (PHE JU) ) o SINIPH( JJ) ) ) *PRED
20 [F (PRt JJU) GT«PMAK)PMAXSPR{ JJ)
IF(INPTEQeU) GO TO 39S
1P (MOD (KML,y [NPT) oNESUIGU TG 39
wHITE(0eda) RePMAA
34 FORMAT(S8M] P IELU AFTER MUUIFICATION BY THERMAL BLOUMING ELEMENTs]
120321 MAAIMUM PHASE SHIFT LNUUCED wAS+61<«9¢8n HAD[ANS)
N =9
UMAX = U,
CALL UUTPUTICUINPY ¢NPTSeXsNIUMAX ¢ o TRUE o6 o FALSE s 0o FALDE )
W Tfu 35S
0090000000008 00000 S9000000% 0 (I 22T 12 2112 )
THIS SECTIUN IS OESIGNED 1y CALCULATE PHMASE CHANGE OF THE BeAM
DUE TO AN AXIAL VELUCLTY CUMPUNENT, THe MATH HEWYIKES Tht SULEN
OF Tre ENERGY EQUATION FUW A TEMPY WiSk PARALLEL U THE BEAM AALS.
Iv wrAT FOLLOWSy CAPKAX [5 A UISTURTIUN NUMBER OF SUWTSe ANV
THE PHASE CHANGE AT EACH MeSH PUINT WESULTS FHROM TMe PROUUCT
OF CAPKAA © INTENSITY “wt, Tre FIELYU IS MUDIFIED dvy TrE PHASE
CHMANGE [NDUCEUsAND THE POWwer LOST TU WEATING THE MEDIUM “PNED®,
V0000060500000 00000 Q9090000 2000000000000 000
18 CAPKAA = 6428318%3%4LFASGUC /(WL eCPeAXLALe®og,)
INOw = INUW ¢ DELZ ’
[F (INPT Lede 0 ) GQ TU DU
TF (MUD (KM] o INPT) oNE0U)GO Ty DU
WRITE(S985)RePToAKIALICAPRAR
wHITE (6968) INOwW

[a s N s NaNaNaNa X a¥g]

roLoum
fut.OUM
ToLO0M
feL0um
18LOUM
reLoom
1aLOOm
fsLO0M
rsLo0M
T8LOON
18L00M
tuL00mM
TuL00M
T8LOUM
teL00m
TBLOOM
T8L00M
TuL00m
TuL0OM
T8L00M
TuL00m
THLOUM
THLOOM
TuL0UM
T8L00OM
THLO00M
TuLOo0M
THLOOM
“THLOUM
T8L00M
T8L.00M
THLOUM
tsL0um
T8LOOM
TeL00M
THLOUM
THLOOM
T8L0UM
THLOOM
T8LOOM
tuL0uM
TBLOOM
TBLOUM
THLOO0M
r8Luom
T8LOOM
foLoum
THLOOM
feLOoum
T8LOUM
(TR T
THLOUM
foLoum
18L0UM
TeLoum
TeL0UM
THLOOM
iBLOouUm
T18LOUM
THLOUM
TULO0M
teL0Um
1 8L0UM
Tut OUM
TuLOUM
1 BLUOM

45 FORMAT (a0n) FIELD INCIDENT UMUN THEWMAL BLOUMING ELEMENT 1281 POW THLUUM

1ERS ,G12.5023 AXLAL VELUCITY 8 4612e9+15HCM/S CAPKKAXE
2 Gla.5)
46 FORMAT (LUK LIMAXIAL PUSII[UN 8 4GleededN CM)
N =
UMAX = U,
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CALL QUTPUT (CUSNPY ¢NPTSes A pinoUMARs o THUE e+ oFALSE s 0 o FALYE S ) 18L0UM 139
c $0eseese THE DO 200 LOUP IS5 AN ANALYTICAL GAUSSIAN ULOQM eeeee T6LOUM 100
c seaseaes nE DU 200 ALSO CALCULATES PHASE=GAIN NUMER[CALY $edée iBLOOM je}
50 PMAXAX 8=],E+7 ' TeL 00N je2 i
EWAIST = 5,0 [CTR 1e3
PHUAR 3 U4y 18L00M Lee
PHSQ 8 0.0 ful0um 165
DO 200 J = LyNPY oL oum lee :
Jis(y=l)*nNpTrs TaLouUn 167 }
DO 290 [ = 1eNPTS T8LOOM 148 é
c ARG 3 X() ® X([) » X(J)®x(J) TUL0UMN 149
C WALST2 s EWA[ST *® EwAlST oL 00m 190
C IF (anG «GE. WAISTZ ) ANG 3 0.0 TOLOOM 191
4 c PHGAUS 3 CAPKAX & (PT / 3o 4159)%1(1¢/aAlST2) ®(EXP((=ARG ® 24)/ ToL00M 192
' c X wAIST2)) ® 2,310(ZNOwe®e¢- ZLAST®e¢) TELOUM 1%3
;¢ KK = [ + yi T8L,00M 15e
PH(KK) & CAPRAX ® wiKK)®(INOWO®2 o/LAST®e2) THLOON 195
. CUIKK) 3 CU(KK] @ CMPLX(CUS (PR(KK) ) sSIN(PN(KK))) ® PRED T1LOUM 156
4 c DELTA = PHGAUS <= PH(KK) TULOUM 157
PHEAR 8 PHPAR o PH(KK) TOLOUM 158
i PHSQ 3 PHSU ¢ PHIKK) ® PH(KK) TuL00M 159
c IF (J «dE€e § © NPY/2 ) GU TV 18) 18L00M 160
s c IF (INPT (Ede 0 GO TO [7Tvs TeL00M 161
C WRITE (691801X(1)eR{J) sPHGAUSsPHIKK) ¢UELTA fsLoon 162 1
C1798 CUNTINUE feL00M 163
C 18U FURMAT(5X,5612.9) i8LOOM 16
C 181 CUNTINUE 18L00M 165
¢00 IF (PHM(KK) ,0T. PMAKAX) PMAXAX 8 PH(KK) Tul.0Om 168
c V9000000050000 (2242221211 (2121112 2YXT2 2T XY X 222 Y 2 ) iuLQO" ],Q 4
o WMSPHS 3 RMS PMASE DISTUWI[UN FUR uveLZ STEP foLOOM 1608
¢ AVELAG ® AVERAGE PrASE LAG FUR TNERMAL HLOOMING SEGMENT THL00M 169
¢ PrAAR]L = AVEMAGE PMASE LAG FUR OELZ STEP feLo0M 170
c AMSTOT 3 TUTAL HMS PMASE FUN THERMAL BLUUMING SEGMENT faL00m 1
C PHTUT 3 TOTAL MAXIMUM PHASE LAG FUR THERMAL BLOOOMING SkLMENT TEL00M 1712
c TrE ABOVE SISTISTICAL PARAMETERS aAmWe InCLULED AS ULIAGWUSTICS TdlLOUM 173
[ 0900800000000 000¢0 L} B/0/Te (222222222 YR XYY LTI L2 Y L) Tl OUM 176
. (4 HMSPHY 3 SURTL MRSG = (| PHEAR®®Z) / (NPYONPTS) ) ) 18LOOM 11s
(4 TOTPTS = NPY ® NP(S ' feLOuM ite
4 HMSPMS 8 HMSPRS / SWRTITUIRIS ) ruLoUM \77
C PHEBARL 3 PHEAR / (WPYONPTY) 18L0UM 178
c AveLAL 3 AVELAG ¢ PHEANR] fgLouM 179
o RMSTUT 2 SURT(RMSTUT®®Z o  NMSPriseey) T8LO0M 180
c PHTOT 3 PHICT »  PMAXAA TeLOuMm isl
ZLAST 3 INOw fuLOUM 182
IF (1lwPT GEde V) GU TU 39 I8L00M 183
] IF{MQU (KMl s INPT) (NESUIGO Tu 39 TeLO0M 186
b WRITE (6033) KePMARAKsAALAL e L0oum 185
c wRITE (0e49) AVELAGNMSTUl«PmIOT 18L00m 186
33 FOURMAT (22M1 FIELD AFTER AALAL THe[2eDMPMAXBGLleSeaMVAKSIGLEeS) TeLOUm 187
C 9 FURMAT (9R+24mTOTAL AVERAGE MHASE LAG 161<eDe18H TOTAL RMS PHASES + TOLOOM 148
[ XGl2eDe26M TOTAL PHASE CHANUE MAXe 340iced) 1 9LOUM 149
WwHITE (6944) CAPKAX 18L00OM 190
66 FURMAT (LUXoLUM CAPRAX 3 +Gi2e9) 18L0UM 191
N =0 i3LO0m 192
UMaXx = U, THLUOM 193
CALL QUTPUT (CUNPY osNPTSeR sNsUMAR ¢ ¢ THUE ¢ 0 o FALSE s 0 o FALSE o) foLo0m 19¢
GV TO 35 TueLOUMn 19%
[ 0000000 00000005009 s00000e C0QVOOE PRS00 OOR00000000000 T8L00m 196
C  TRANSIENT THERMAL BLOUMING CALCULATIONS ARE OONE IN THIS SECTION. t8LOUM 197
C  ENERGY EQUATLION IS SOLVED FuR PHASE CHANGE AS A FUNCTION UF TeL0uUM 198
C BEAm ON T[ME, 18L00M 199
C 9000000000000000000 seeevce 0000000 0000000000000 00000000 THLOUM 200
2¢U ETa s(ALFA @ GDC ) 7 (1 @ Cp ) TuLOUM F{H
INUd 3 ZLAST » DELYL ryeLoum 202
IF (INPT LEQ. 0) GO TU <21V T8LOOM 203
' IF (MOO (KML o INPT) «NE20) GO Tu 210 fuLoom 206
' WRITE(60279) OTsETALIVELZ v INUWIRFACT s PRED TULOOM 209
CT79 FURMAT (/974 UT 8 9Gl2eDe7M ETA 8 ¢ulleDe8M NDELZ = 1612490/ THLOOM 206 4
ASMH Z 8 9012e5¢10M RFACT 8 40i2¢Se9 PRED 3 ¢G1l2.5) TaLOUM ¢07
wRITE (0:278) & THLOUM 208
278 FORMAT (SeMLl FIELD [NCIVENT ON TRANSLENT 1MERMAL BLOOMING ELEMENT f3L00m 209
Xel2) tuLoom 210
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N s 9 T8L00M 21l

UMAR 8 a0 t8L00M 212
CALL VUTPUT(CUINPY sNPTSe K oNsUMAR s o TRUE o 0 o FALSE oo o FALSE ,) 18L00M 213
210 Nwx]1E = NPY / 2. ToL00M 2is
ZLAST s  INOw TeL00M 21%

POWER = U,V teLoom 216 ’ 3
FACTUNS ETA ® 0T ® DELZ ® 042831853 7 wl * XFACT r8L00M 217
DO 300 L = Le NPY ToLOOM 218
J B NPTSO(L=}) 8L 00N 19
OV 300 I s Le NPTS (0] 220
IVe gl oy T6L0UM 221

c XIAY 3 CU(LlJ) ® CUNUGL CULLY) ) 78L00M 222 |

{ XIAY 8 CUR(Z®lu=])®®2 o+ CUK(Z®[J)oeg tucoom ¢21 :
' OPMl s FACTUR ® X[XY UL 00M é2e
[ OPwl = (ETA ® Ul ® VELZ ® 544831853 7 wi) * xlay TELOUM 22%
- c CUt [J ) 3 CUL IJ ) ® CRAP( CMPLA (Vee OPMID) ) © PRED 18L00M 22e
: CUC U ) = CUL L1J ) ® CMPLAICUS(UPHL) +SINCUPHIY ] © PNED fUL00M 27
; C 3u0 PUWER = PUNER » CUCIJ) *CUNJLICULLIY)) T9L00m 228
! 300 PUWER = POwtR ¢ X[XY THLOOM 229
. PURER 3 PUNEN ® DASQ NP IS/NPY SXFACT FLOUM 230
. wHITE (69499) PT,PUNENR 18L0UM 231
295 FUMMAT(LUXsoM PI = 3G12:9910M PUWEN 8 ,G12.9) T8LOUM 242
IF (INPT 4EQe 0 ) GO TQ 49 19L00M 233
IF(MUURML s vl T ) oNE 016U TU 35 fuLoum 244

wRi{TE (64281} K TeLOUM 245 (
281 FOWMAT (491} FIELU AFIER [WANSIENT THERMAL BLOOMING SEUMENT +[2) 1aL0ouUm 230
UMAL = Q. TeLoum 237

Na=gQ FeLOUM 236 ‘
CALL QUIPUT (CUNPY sNPTSoXsNeUMAXe o TRUE o9 o FALSE o9 o FALSE o) THLOUM 239
é950 COnTINVE TULO0M PLY)
C 35 IF (RKeLTonSTEPS) CaLL CURE (DELZsUeM) tuLoum 241
35 IF (KJLTNSTENFS) THLOOM 262
1CALL STEP(DELZ sHAUselselonN3Te UelolerleeMol) 18LOOM 2643
: C 100 IF {(KeEQeNSTEPS) CALL CURE IDELZ/2es lUUT M) T8LO00M 24a
, L0 IF (KEWNSTEPS) THLOOM 245
g L1CALL STEP(DELZ/2etRAU e loal sNSTolOUT Q000 eUaoMe}) TELOUM 266
HE TUKN TULOOM 287
END fdL00m 208

35. SUBROUTINE THERML

a. Purpose -- Since uncooled mirror glass has such a low coefficient
of thermal expansion, the mirror surface heats up as the beam hits it, thus
heating up the surrounding boundary layer of air. Subroutine THERML, shown in
Figure 70, models the phase change impressed on the beam due to thermal

gradients in the boundary layer of air.

b.  Relevant formalism -- The theory of this phenomenon was developed
by Humphreys and Wick (Ref. 15) of AFWL. !

’ i 15. Humphreys, W. W. and R. V. Wick, '"Change in Optical Path Length Near a
Hot Mirror Surface,' Laser Digest, AFWL-TR-75-140, 1975, p. 9.
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‘ THERML ’

COMPUTE POWER
DENSITY

INITIALIZE
CONSTANTS

\

DETERMINE AND
APPLY 59 DUE TO
LOCAL TEMPERATURE
VARIATION

————— —

THERML. 36 -
THERML. 48

THERML. 58 e
THERML. 81

THERML. 89 -e=
THERML. 123

Figure 70. Subroutine THERML organization.

Following Humphreys and Wick, assume that the times of interest are

short enough to consider the mirror to be a semi-infinite slab. From the

theory of heat conduction the time for heat to traverse a length L is
t = Lz/a. Thus, for mirrors of thickness L, the time during which the mirror

acts like a semi-infinite slab is <<L"/a. Assume also that for these times

one can neglect natural convective cooling. Therefore, the air can also be

modeled as a semi-infinite slab. The one-dimensional heat equation is then

assumed to apply for both the mirror and the air:

2
2 /aTm 3T,

3 TH 1
—m’_*\n 2

'

2X
m °'m
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)

Common variable altered:

CU = the field is modified by the boundary layer
temperature gradients.

Subroutines called: OUTPUT

where the coordinates are seen in Figure 71,

+Xa +XM

Figure 71. One-dimension heat diagram of mirror and air.

Initially, both the air and the mirror are at the same temperature To

Tm(xm,O) = To = Ta (xa,O) (232)

For the times considered, the heat does not have time to diffuse to the back

boundary of either the mirror or the air. This boundary condition can be
written

Tp(=t) =T ) =T, (=t) (233)
The air and the mirror are assumed to maintain the same temperature at their
joint boundary so

T, (0,8) = T, (0,%) 234,

The remaining condition to be applied is that of heat balance at the joint
boundary. By Fourier's law




aTm
k0 3% = al (235)
m X =0 ‘
m
where o is the absorptivity of the mirror, Similarly using Fourier's law at

the air boundary

3T
-k =
a 3x (236)
alx, =0
a
4 By combining these two equations, the joint heat balance equation at the

g boundary becomes:
} -k .a_T_m.. -k aT_B‘ = al -
. m 3x x =0 a X lx =0 (237)

m a

Since both the media obey the same form of equation, consider the solution

of the following equation:

‘ 3T _ 1 5T
L2 a 3t (238)
aX

Finding the Laplace Transform of the above equation gives

2

2=
d_z_ixr_s) = é,(-r (x,0) + sT (x,S)) (239)

where,

- L)
T (x,s) = fdtz"StT(x,t)
j .

Noting that T(x,0) - T0 for both the mirror and the boundary layer, one can

, rewrite this as

2 T T
' d—;?(x,s) - S—o = * T(x,s) - s_o

X (240)

©|wn
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which integrates to give

~
lel
~®

IS
— X
o

= 0
T(x,s) = o + A(s)e + B(s)e (241)
The boundary condition for x +~ = implies that A = 0 for both media. ‘
b
Therefore
To Ex J
T(x,s) - = = B(s)e (242) ‘

To proceed further, it is necessary to determine B(s). This is done using the

joint boundary conditions. Recall that

BTm aTa
km aq -kg ‘——,dxa = ol
Xq =0 xa=0 #
Assuming (aI)} to be constant in time, this transforms to
afm aTa
-k —_— -k, = al
m axm a axa == (243)
x_ =0 x =0
m 4 a
3
but ‘
- E X (249) .
8| = -{% « Bls)e = & 8(s)
x=0 x=20
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1 Therefore

S S al
“Kn -£‘Bm kg %Ba s (245)

Recall that at x = 0, Tm(O,t) = ’I‘a(o,t). This implies that Bm(s) = Ba(s).

Therefore

B=B=2£ _.——I—-——
N AT (246)

Fa I

The equation for the air to be back-transformed is therefore

: xa

. T -5 ___.)
= . 0 x] e fi a
T “xa’ 5) - —— = i ——— e,

s km + k
a § S

& ¥

(247)

VNote that Tm (xm,t) obeys a similar equation with the a and the m subscripts
interchanged. Recall the following Laplace Transform theorems:

L(To) = 7?°

t
%L f(t)} =L / dt £(t) (248)
and
-ars -a2/4t
< =L \F— (249)
VT rt




The equation for Ta(xa,t) is therefore 5

x
t 7 Iaat' )
- ol dte .
Ta(xgs0) T @ ka f T T
v

ATa (xa,t)

The phase change in the beam induced by this variation in temperature is

20 (x,y,I) = 2f3" * [an AT '
( sYs ) iy HT— a(dxa)
a

[¢]

given by

(252)

The factor of 2 is due to the fact that the beam passes through the boundary
layer twice. The limit on the integral is seen to be the practical point at
which the variation in temperature becomes negligible. This limit is impor-
tant to estimate since the integral is to be done numerically.

As in TBLOOM, dn/dt is found by the Gladstone-Dale law

N = 1+ oC (253)

and the equation of state of a perfect gas

o = g; (254)




at constant pressure

T =T (255)

It is assumed that the effect is small enough that the integral may be

approximated by a finite number of steps. Four steps are chosen here.
¢. Fortran
Argument List
CONMIR = mirror thermal conductivity
CONGAS = boundary layer thermal conductivity
ALPHAM = mirror diffusivity

ALPHAG = boundary layer diffusivity

P

RHOGAS = boundary layer density
REFMIR = mirror reflectivity
TAU = transient time

TIN = temperature

SUBROUTINE THERML 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBROUTINE THENRML (CUNMIR ¢ ALPHAMALPHAL s HMOLASe TAU TINOREFPM[R, freRM 2
1CUNGAS) THERML 3
LEVEL 29 CUsCUR THERM, 'y
CUMMON/MELT/CU(10386) +CFLLIL1OD12) A 1L2H) sWLoNPTSsNPY sUNA sURY TreRM, )
CUMMUON/ WAY /WNOw o NREG o AP IN THERM, [
REAL CUNt32708) TreRmL 7
CuMPLER CUWCPIL TeERM, 8
EWUIVALENCE (CUMtL)sQULL) ! TreRM, 9 1
c PRS00 090090000600 (2212227213 ® 9000900 L [";'nm lo
c olek /082A4 THENMZ THeRM 11
c THIS ROUTINE CALCULATES Tre EFFECT OF A THERMAL BUUNUARY THERML 12
C LAYER IN FRUNT OF A MINKUN. Jo FUNGHAM S5 /3] /179 THERML 13
c 000000008052 90090000 sh00de o0 OO0 0020000000000 ""tﬂm “
(4 L LS 1%
c THERML le
c THIS VENSION CALCULATES PmASE CMANGE HASEU ON THE GAS Temp, TrERM, %4
(4 HISE IN FRONT UF THE MIWMUR ACCUMDING TU FORGHAMES SULUTION LY LW 18
c AS GENERATED FROM ¢ MEAT [RANSFEN 3 WY HMULMAN, TreRML 19
{ c trHERm 20
c THRRM, 21
¢ TrERML 22
4 FURGHAM 97417179 THERM, X
C S0 0020000000000000 0o oS00 0000008060200 0080000 tmﬂﬂ‘_ ZQ
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e QAP e

WHITE(099) ALPHAMICUNMIRALFHAG e CUNGAS s HNOGAS s TAUS TINIREFMIR THERM, 29

S FORMAT (119MOF IELD HAS ENTEWED MINROR [HERMAL BOUNDARY LATER WOUTIN TrERM, 26
AE. MEDIUM CONDLTIONS /72 THERM, 27
XS5Xe 30MMIRNOR DIFFUSIVITY 8 20l2.9¢11M CMSQ/YEC /7235Ke [MERML, 28
AIOMMIRROR THERMAL CONUUCTIVIIY @ 26iceSeldN wATTI/CM SEC /25K THERM, 29
AI0MBOUNVARY LAYER LIFFUSIVITY & 9G12.9¢138 CMSU/SEC 729K ¢ trHeRML 30
A30MBUUNDARY LAVEM Trikml CUNDUCTIVITY 3 sullebeldr wA[T/CM SEC /729K THERML 31
AIUNBOUNUARY LAYER DENSITY 3 9GilceDvIM GM/CC /729Ky tHERM, Je
KLINTAANSLIENT TIME 8 ,Gl2.%¢ TH SEC /294y THERML 33
RLOHTEMPERATURE 8 ¢Gl2:59 71 UkGe K /29A0 THERM, 3e
K1OMMIRROK HEFe &8 +612.5) TreRm, 3%
C *%0 COMPUTE POWER UENSITY THERM, E)
INT =} THERM, »
IF (NPTSeGT32) INPT 3 0 ineRM, 3
DA = X(2) =a(l) THERM, k)
DXASQ = D& * Ux TRERM, 0
AFACT = 1. THERM, 12}
y IFINREG o€Ue LORJNNEG +Eue2) AFACT = |o/4aNQueey THERM, (Y]
: NOBENP TS *HPY THERML 43
. PT = U, tRERM, L]
B DU 10 [sleNUD tHERM, oy
¥y C 10 PT = PT & CUl [ 1*CONJG(CUL 1 ))®AFAC! THERM, s
0 10 #T 3 PT ¢ (CUR(2®[=1)%e2 ¢ CuN(2®[)e9g) ® XFACT TrERmML .7
PT 2 PTRUXSQONPTIS/NPY THERM, 48
, wRITE(Gsls) PT THeRM, 9
) le FORMAT (46M1 FIELD INCIDENT UPUN JUUNUANY LAYER  ELEMENT. 7HPOWER TrERM, 50
i 1% 9Gl2e) THERML S1
. IF(INPT okude 0) VU TU IS THERM, 92
L N 30 HERML $3
UMAX 3 U, THERM °
CALL OUTPUT (CUSNPY snPTSe X enoUMAK) THERML 55
i C SO0V CCHICP9NES 0090092000 X rrrrrr 22yt "HEQHL §°
. 15 CunTInue THERMY 57
C *%e INITIALIZE CUNSTANTS eee fHERML 58
C ®%e aALPMAG THERMAL UIFFUSIVIIY UF wAY [N BUY LAYER TrERML 29
] C ®*%e ALrPHAM THERMAL UIFFUSIVITY QP MINNOR MATERIAL L LR a0
A Pl = 3416159 | HE NN ol
4 GoC = ,223 THERML 02
EAHS 8 (le = WEFMLIN) LR 63
WwN = (2.* PLI/wWL 1HE R 66
N 8 o TrE R 65 1
Nl 8 N o ) THERML 60
D2 8 | #® SURTIALPRAG ® (AU) /N THERML Y4
SALFA = SURT (ALPRAG) e RML, o8
SALFM 3 SORT (ALPMAM) THERML o9
b . Cl 3 Lo/ tae®ALPHAGRTAY) THERML 19
Ce = SQrT(Ci) THENML 7l
C3 8 2,°Sudl( Tau/kl ) LN 72
Co S(EABS/CONMIN) OSURT (Pl oaLPraAMeTAY) IHERML 73
viGPH] 3 «100U0V. ’ THERML 1o
ARITE(002192) SALFMySALFAICUNLASe0L9C19C29CI0Ce ITHERML 15
2192 FUNMAT (LURegdn SALFM SALFA CUNGAS DL +4512:59//791089121CL C2 C3 Co TnERM. 16
1 461ey) THERML n”
WHITE(60100¢) EAUSewN IHERM, 78
1002 FURMAT(LUXo LOMMLIRRUR AYS &  +l2.9¢11M wAvE NO = +Gi2.5) THERML 9
C %90 FINY DN / OIEMP ooo ' tHERM, 80
[ UNUT 8 (*RHOGAS 7/ TIN )® GUC e RM, dal 3

] wliTE(6s10006) LDNOT THERM, 82
; 1008 FUNMAT(L0Rs9 ONUT s +Gl2.d) THERM, a3
IF (INPTEW.01GU TV lUle THERM, 8
WRITE(64100%) THERM, 4s
1048 CONTINVE THERM, 86
LUUS FUNMAT (LUXebeM X Y OPHIXY  THERM, a7

x) [ eERM 8s .
C ®%o FIND LOCAL TEMPERATURE anD MOULFY FLELD HBY THERMAL LENS eoee fHERML 49
1y s ¥ THERM, 90
00 400 X = ] ¢NPY THERML 9
J 8 (K 1) ® nNTS THERML, 92

YYS(K=)]) ® 0& ¢ VA/¢. THERM, 93 .
OV Ul [ = LyNPTS THERML 9
TUTN = 060 THERM, 98
lus ] ey : THERM, 9
XXs(l=]l) ® DX ¢ QR/2. tHERM, 97
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C XLAY 8 CUGLJ) ® CUNJGICUIW) tnERM,

XIXY 8 CUR(Z®[J=])®®2 o Cun(Z®]J)ee¢ reeRM

DU 325 MM = JNZL freRm

ZoLs (MM = [)e0Z IneRM,

ARGL 3 «(Cl * ZHL * oL TRERM,

ARG 8 C¢ * ZBL THERM,

F2 s ERFC( amrGe ) THERM,

OkLT & &1XY ® Co ® §2 THERM,

TOTN 8 TOTN * DELTO®UNDTOUL LGN

325 DPHIAY s=TQTN ® N *2, TMERM,

c IFCINPT JEWe ) GU TV 330 THERM,
IF(OPMIXY LT.BIGPHI) GO TU v THERM,
BloPm] 8 OPMIAY THERM,

RlMAR 3 X[XY fHERML

AMAX s XX Fre Mg,

YMAX s vY ImERM,
DELTMA sUELT trerm,

[ Fimx sF) THERML
FeMx ar2 Trg R,
TUTNMR = TUTN TreRm

330 CUNTINUE THERM,
IFCINPT cSle OoURNPTS (Gledd) GU U 3J99 T,

AR [TE(801006)XReYYUPHIAY TrHeHM,

1006 FURMAT (LUXs3(10XeG12eD)) I g Ry,
C 3995 CUILY)Y 3 CUilJ) ® CEAPICHMPLA(V.oUPHIRY)) fre Ry
398 CUCLJU) = CUILY) @ CMBLA( CUSIUPHLAY) oSINIUPHEIXY) ) THERMY,
«00 CUNTINVE Trexm

c IFUINPT.EQe0) GO 10 49 THERM,
WHITE(0eE9)3) BIGHMIsA[MAR G AMAR s TMAK UL TMX oF 2MX o FTUTNMX THE M

CYL3 FURMAT(IUReLeM UPMI s IMARsAIY 24012090/ 7 9180 DIEMPoF | oF20DBLN 9+3G12s THERML
AS) IMERML
IFCINPTUeU) GO TO 39 e MM

36 FORMAT(OLIML FIELD AFTER MUULFLICATIUN dY THENMAL BOUNUARY LAYER ELE MERML
JMENT ) THERML

N =0 I MERML

UMAX s Q. IHERMY,

CALL QUTRPUT(CUSNPY JNPTSeAeNoUMAK) tHERM

35 HETUNN THENML
ENU THERML

36. SUBROUTINE TILT

a. Purpose -- Subroutine TILT, shown in Figure 72, can be used to

remove beam tilt and will calculate the radius of curvature of a beam.

b. Relevant formalism -- To remove small amounts of beam tilt, the

96

99
100
101
102
103
106
109
lve
107
108
109
ilo
111
i1ie
112
116
118

116
19%4
118
119
120
121
1é2
123
14e
12%
126
127
148
1¢9
140
131
132
133
ide
13%
136

following formalism is used. Large fixed tilts, such as result from mirrors

set at an angle to the beam axis, are removed by the system analyst in defin-

ing the equivalent collimated system.

Consider an input field U(x,y) incident on an optical element with

transmission function t(x,y) yielding an output U (x,y).

U (x,y) = t(x,y) U(x,y)
= A exp (i¢)
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RETURN

Figure 72. Subroutine TILT organization.

CYCLE 9.73 ~==CYCLE 9.118

CYCLE 9.1"9~==CYCLE 9.142

CYCLE 9.143~=CYCLE 9.170

CYCLE 9.171 == CYCLE 9.203

CYCLE 9.204 ~=CYCLE 9.223

CYCLE 9.224 ~==CYCLE 9.237
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For removal of beam tilt from a field U(x,y) the transmission
function must be of the form

-i(a_x+a y) _ _-ia.X
trppp (67) = & HAKTY) 2o (257)

where a, = hex and Ay = hey define the tilt angles to be removed.

Similarly, the phase curvature is removed by the following transmission
function
-1 & oPeyh

- (258)
tspuERg (X-Y) = ¢

To calculate the constants a and ay for an arbitrary field distribution,
U(x,y), define the following functional to be minimized:

2 2
Friut ’[/‘;"dY IU(x,Y)' [V“"ax x-ayy] (259)

or
. 2 { fo 2 {3 2
FriLT fdxdy luex, | [(ﬁ . a.x) . (_ay . ay)J

. ; S
the resulting expression for 3 is

3= <Vyp> (260)

2
Fp>s y : (261)
2l (o

7¢ is easily found from the field data by noting that

where,

In (U*T0) = |u]% (262)
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.which results in

Once the tilt is removed, a similar procedure to remove phase curvature

is used. Recall that the transmission function t RE (x,y) needed is of the

SPHE
form

2 2
-ik(E5s
tspuERg (X0Y) = € (ZR ) (263)

The new functional to be minimized is

2 2, 2\\|2
FSPHERE =/]-dxdy I Ulx,y) v(¢ - b(x s )) (264)

<-X- . -7.D>

<X ¢ > (265)

b =

Valves of tilt a and sphere b are found by an iterative procedure until the

values established for these parameters do not change appreciably.
c. Fortran

Argument List

i§ = Total x and y tilt in the beam. The amount of tilt removed
from the beam by this routine is added to these parameters
so that no tilt information is lost.

RADCUR = the negative of the radius of curvature of the beam found

by this routine. To produce a ""flat'" beam the following

calculation would be performed.

CU-(I,J) = CUCL,J) * exp i(T/AR) (x~ + ¥7)
(266)
with R representing RADCUR

X = X(I) and Y = X(J)




IPS =

the parameter that indicates which options in this rou-

tine are to be used. IPS is the same parameter as IIPS
in name list PROPGT in subroutine GDL. The options are:

IPS 0 Tilt is not called for

= 1 Tilt only is removed

1]
~

Sphere only found

= 3 Both tilt and sphere found,
tilt being removed.

Common Variables Altered

CuU - has tilt removed

CFIL - starts off set to CU, then has both tilt and sphere removed.

Subroutine TILT computer orintouts follow.

SUBROUTINE TILT 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SUBRUUTIHE TLILT(AX9AY eRAUCUNRS LPS) CrCLe9 3

[ PHASE CUNRECTIUN NUUTINE cyeLes 12
C THLS HUUTINE DETERMINES Tre LINEAR ANY WUAURATIC CUHPUNEN!S OF CYCLE9 4]
[ PHASEe 1T ALSO NEMUVES THE LINEAW CUOMPOUNENT BEFOWE KETURNING CYCLES 16
C 10 THe CALLLING ROUTLINE,. CYCLEY I
LEVEL 29 CUsLURS(F LN CYCLEY 8
CUMMUN /7MELT/ Cullodde) ¢CriL(129ei2B) oA (L28) osWLoiNPTSINPY sURX sURY CYCLEY 19
COMPLEX CUSsCFILICOUMAICSUMY sCBeCAICAAICCCeCCoCCNJICARICAYICFACTY CYCLEY 80

A CrXeCHY o CCNJUSCHINT CrcLey )}
DIMENSIUN CUR(L) ¢CFILR(ZD0804) CYCLEY a2
EQUIVALENCE (CUCL) sCQURIL)) o (CFILIGLoL) o LFILR(LYL)) CrCLEY 83
wHiTE(6e3U]) CYCLEY 8e

301 FOMMAT (TuMg®e® | INEAR ANU/UR SPHENICAL CUMPUNENTS OF PMADE ARE dEl CYCLEY 85
ANG HEMOVEY eeey) CYCLEY ae
1TMAAR30 CYCLEY 87
SPHIULS.U0) CYCLEY a8
1CKAs0 CYCLES 89
1CKNSY CYCLEY 90
Plslelolnoe CYCLEY 9

DELA & A(2)eXk{l) CYCLEY 92
AATOf=Q .0 CYCLEY 93
AYTOTE0.0 CYCLEY 96

KUUNT = ¢ LCYCLEY 98

EAX = QoV CYCLEY 9

€AY 8 0.0 CYCLEYS 124

ENP 8 Q.0 CYCLEY 9%
HAUCUR = | .ES0 CYCLE9 99

ROOLY 3 1.EHY
AAULY = Ax
AYULD 3 AY

POw 3 060

00 20 JymlNPY
DO 20 IslenPTS

CYCLE9S 100
CYCLES 101
CYCLEY o2
CYCLEY 103
CYCLEY loe
CYCLEY 109

IJ 8 | o (Jol)onwTs CYCLEY e

CFiLiled) s CUILJ)

CYCLEY 107

PUw 8 CuR([Jy®g=l)eel « CUK([J®2)®e2 + Pyw CYCLEY 108
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¢ POw 3 CFIL(1eJd) ®CUNJG LCF LL (193] ) 300w CYCLE9 109

20 CONTINVE CYCLE? 110
PUW = PUweQELX®eR CYCLEY 111
NLIMEK = NPTS=| CYCLED 112
NL[MY 3 NPYe] CYCLEY 113
IF (NPTSeNE NPY)NLIMYSENPY CYCLEY 11e "
WwRITE(6eld0) CYCLEY 119 1
180 FORMAT (27Xe33MINTERMEDIATE UPTIMIZATION RESULTS // CYCLE9 116 i
A Lur ITENATIUNGSX sSRHFOCAL s TR eOMRAUCURsIX s JHATRA 910K ¢ IMATY CYCLE9 117
8 MR¢IMAATOT s8R eHMAY fUI ) CYCLEY 118
29 IF (IPS o€Ue 2 ) GU TU de cyeLe9 119
KQUNT 3 AQUNT ) CYCLE9 120
CSUMX = (0.09040) CYCLEY 121
A CSUMY 3 (0,U*0.0) CYCLE® 122
DU 3uU uscenLiMY CYCLEY 123
- Jiage} CYCLE9 126 A
i M=) CYCLE® 12%
3 IF(JeEWNPY) Iy . CYCLES 120
CusCFIL(Ley) CYCLEY 17 1
y CaaCFiL 2+ d) CYCLE? 148
z V0 30 [s¢enLiMR cYcLe9 129
CAASCF L[ vyL) CYCLEY 130
CCCsCFIL (L eum) cvCLe9 131
. CCaCd cYcLey 132
Ca=Ca CYCLEY 143 ]
CAsCRiL(LeLsv) CYCLED 136
: CCivd 3 CUNJGICH) CYCLEY 139
- CSUMA = CCNJ®ICA=CL) /2¢09CHUMA CYCLE9 136
! COUMY = CCNU® (CAA=CCC) Z724U+COUMY CYCLEY 137
30 CONTINUVE CYCLEY 138
CAX 3 CHUMA®UELX CYCLEY 149 1
CAY 3 CSUMYSUELA CYCLE9 160
ATLTA sALMAGLCAR) /PUw CYCLEY ial
ATLTY =AlMAGLICAY)/PUN CYCLEY 162 .
] IF (NPTS.Eu.NPY) GO TV 92 CYCLE? 143
Z ATLTY®R0.0 cvecLey 166
92 ATAS=ATLIXOWL/(Zs®¥ () CYCLEY 165
ATvamaTLIY®wL/ (2s®¥)) CYCLEY 166
ARTOTRARIQTeATR CYCLEY le7
AYTOTSAYTQT+ATY CYCLE® 148 3
AASAXSATX CYCLE9 109
AYsAYeaTlY CYCLEY 150 ﬂ
VU 40 JsLeNPY CYCLEY isl 4
J1stJ=1)oNPTS CYCLEY 152
ATLTYY = ATLTY ® Xx{J} CYCLE9 193
DU 4y L2l 4NPFS CYCLEY 156
INOXsL o] CYCLES 155
PHl 3 ATLTX®ALI) o ATLTYY CYCLE? 196
CFACT = CMPLA (CUS(PHL) oSINIPRLD) CYCLED 157
c CFACT = CEAP(CMPLA(UraTLIA®R () saTLIY®XtJ))) CrcLe9 158
CULINUX) SCU(LNOX) /CFALT CYCLE? 159
CFILILesJdISCFIL(1sJ) /CFACT CYCLEY 160
40 CUNTINUVE CYCLEY 1ol
EAX = 00 CYCLE9 162
EAY s Q.0 CYCLEY 163
! IF(ABS (AR) +0Te 0eUICAASANS (leU=aAULD/AR) CYCLE9 164
‘ IF(ABS(AY) o0Te 0.UIEAYSAES (1oU=aYOLU/AY) CYCLEY 168
1CRA = | CYCLES 166
1P (EAKGLTo0oUScANDEAY LT 0e0D) [CRASY CYCLES  1e7
| AAULD = AX CYCLEY 168
. AYULD = AY CYCLE® 169
IF (LIPS «EWe L ) GO TO 70 CYCLES 179
. C 0000000000000000000000000000000000, 000090000000000000000000000  (YCLED 171
| C ® TME FULLUWING CALCULATIONS UETERMINE THE LEAST SQUARES SPNEQICAL° CYCLE9 172 -
! C  ® FIT TU TME PHASE GRADIENT e=esTHE HESULT +8¢ IS 20P1 /(WLOR),™ & CYCLEY 173
C * R s THE NADIUS UF GUHVATURE OF THME PHASE FRONT, * (YCLES 174
{ c 0000000000000 00000060009 FUNUH‘H l 1/‘5/ ]. 0000800000000 000000800000000 CVCLEQ l 15
56 T 0.0 CYCLES 176
0U 55 J = |¢ NMY CYCLE9Y 177 .
VU S5 [ = |y NPTS CYCLE9 178
FMAG 8 CFILR(2%]=]1e0)%0¢2 + CFLILR(2%[ ) 092 CYCLE® 179
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FMAG s CFIL(IsJ) ® CONJGL CFILILsY) ) CYCLES
T & FMAG @ ( Al])eeg o s(J)ee2 ) o | CYCLED
CUNT INUE CYCLEY
TINT & [ ® DeLX ® VELXA CYCLE?
CHA 2 (QeeVs) CYCLES
CHY 8 (Qee0) CYcLE’
DU 60 J = 2 JNLIMY CYCLE®
Jlagel CYCLEY
NLTNES CYCLEY
IF (JebUeniPY) Jlay CYCLEY
CusCr IL (Lo} CYcLey
CasCFIL(cvW) LYCLEY
00 6v [sgoNLIMx CYCLEY
CAARCFIL([sJ)) CYCLEY
CCCuCFIL(Leum) LYCLED
CCaCy CYCLEY
CHaCa CYCLLY
CAsCFIL(LeoLlsd) CYCLEYD
CCvd 8 CUNJGICH) CYCLEY
CHA 3 COCNJ®(CA=CCI®X([)/2suCn2A CYCLEY
Cry 3 CCNJU®(CAA=CCCI®X (V) /2elCHY CYCLEY
CUNTINUE CYCLED
CHINT 3 UELA ® { CHY * Cri ) cycLe9
B 3 ~aAlMAG( CHMINT ) 7 Tlit CYCLEY
IF(ABS (8] s3Te (2e®PI/WL/L1LESUI) FOCAL = 2991/ (WL 8) CYCLES
RAUCUR = (FUCAL®NAUCUR) / (FUCAL *RAUCUN) CYCLEY
IF (ABS (RAODCUN) « Gl el eU) EROSAED ( | ¢ U"RUULD/RAVCUR) CYCLED
ICKRa] CYCLE9
ROULY 8 RAUCUR ) CYCLE9
IF LERDLLE « SPMTOL) ICRR®O creLey
CRAD 3 CMPLA(0,0sPL/ (WLOFULAL)) CYCLE9
PIYWLF = P/ (WL®FOCAL) CYCLE®
00 80 JslyNPY cYCLEY
YSQ 3 K(J)ese CYCLES
DO 80 [sl.nNPIS CYCLE9
12 s ¢®] CYCLEY
12Ml 8 12 « 1 CYcLEY
PHI 8 (X(1)ee2 o YSY) ® PIOWLF CYCLES
SINP 2 SIN(PM]) CYCLES
COSP s CUS(MM]) CYCLES
CURS = CFILR([2M1W) CYCLES
CFILM([CMLyJ) = CURS®COSK = LFILM{1Z2eJ) ®SIND CYCLEY
CFILR([ZeJ) & CURS®*SINK o CFILR(LZyu) *CUSP CYCLE9
CFILILoJISCFILIToJ)OCEAP ((A (][] ®020X (J) ®02) ®CRAD) CYCLE9
UMAX = 040 CYCLEY
WRITE(G190) KOUNT sFOCALIRADCURIATX2ATY sARTOT o AYTOT CYCLE®
FORMAT (1RX01Se4Xe6GlIes) CYCLEY
IF (FOCALoGT o0 sEUDsAND o FUCAL ol T 00 eEVD . AND o KOUNT L T ITMAXIGQ TU 29 CYCLE9D
IF ((ECRAGTe0eO0RICKRGT 40) e ANDSKOUNT LT [ TMAX) GO T0 29 CYCLEY
[F(IPSEWe ]l cURSIPSEQ IV WRITE (602V1)ARTOTyAYTOT CYCLEYD
FORMAT (/7204 ¢ ) 6HLINEAR COMPUNENT// CYCLES
LUXo8MTILT IN LMAOM 8 A(X) 2.Gllese8M RAUIANS/ CYCLE9?
LOXs8MTILT [N LHYOHM = ALY) Ss@l2e0e8r HADIANS) CYCLES
IF (IPS.GEL2IWRITE (8+67)RAUCUN CYCLED
FORMAT (/200 AINSPHERICAL CUMPUNENTZ/ CYCLED
x 10X932MPHASE FRONT CURVAITURE ® NAUCUN 8+Gl2.0e30 CN//) CYCLES
HE TUNN CYCLEY
END CYCLEY
SUBROUTINE ERF
a. Purpose -- The function ERF generates the error function
X 2
e-tb
dt

1680
18}
182
143
186
18%
186

la7
188
149
190
191
192
193
194
195
196
197
198
199
200
201
202
293
204
205
206
r{ixs
208
U9
210
ell
él2
213
Zle
r4% -}
2le
17
218
219
229
a2l
222
223
226
22%
220
227
228
229
230
231
232
233
¢3s
239
236
237
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or its complement, l-erf(x), for any input value of x. This subroutine is a
copy of the ERF function available from the AFWL scientific program library.

Figure 73 shows the Subroutine ERF flow chart.

f ANS = -1 LROP1.294, —== :
298 :
X OUTSIDE ]
RANGE ¢ :
§ ANS = 1 LRPO1.297, —== :
209 !
/ i
CALCULATE LAOP1.302 1
ANS h.w . | - i
USING A2 313 :
CALCULATE
CAé.gg:;A)TE ANS LROP1.323, —e=
NG A :
ACCORDING TO USING A3 334 :
INTERNAL :
CALCULATE J
ANS LROP1,339, —= !
USING A1 349
4
GENERATE 4‘
1-ERF(X), IF ANS = 1-ANS
DESIRED

RETURN

Figure 73. Subroutine ERF flow chart. ’
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b. Relevant formalism -- The error function integral is appfoximated
over discrete intervals of the argument, x, by Tchebickef (Chebychev) poly-
nomials. These polynomials are evaluated in a loop which combines the recur-
rence relations for generating the polynomials and a running summation of the
terms as they are generated. Coefficients for the polynomials are provided in
a data statement for three discrete ranges of the argument. Argument values
outside this range will return a zero (0).

Argument List

ANS error function value returned to calling program
KODE flag to indicate computation of erf(x) or l-erf(x)
XX error function argument
Relevant Variabies
. Al array of coefficients used in the polynomial expansion
' over the range |xx| < 2.
A2 coefficient array for the range 4. ifxx|< 6.
1 A3 coefficient array for the range 2. <|xx|< 4. )
: ]
SUBROUTINE ERF 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47
SQUBRUUT INE E=F (KUULER ¢+ XX ¢ ANY) LROP) 298
C COMPUTES BY CHEMYSAHEV ELAPANDIUND Uiv LiNTENVALS. LruP) 2%9
C KUUES] COMMUTES ERPF (X) LRUP] €00
< KUUESZ CUMPUTES ENPCIA)SLeERr (X) WNUP1 28\
c LRUP L <02
c CUL 060V ROUTINg LHUP1 PTY]
[ les=/¢ LNUP L 26a
c LeOR) <065
DIMENSTUN A1 (31)9A2(27)sA3110) LNURL <6
UATAIAL(L) 9[31931)/2:960622112516961L4U0¢0¢0=6,02142166773189€=10¢00¢ LRUP] 207
11037989661379602E=1 100 1224 183¢56252904376 2004 +0.8561599006806783E=3 LHUP] 268
2006027030 727937169653E=000ce9¢72619088637176L29:0e9=10109851311618 LNUP) 269
¢ 306E=590491422204871606933E=09000=],17982030973170E=7+0e01e¢0a)00177 Lrurl 270
| 0091278E~8+009=8,46599329450225¢ =1 0000 +0037620663498960E=1110c0=0:8 LNUP] 2r
97177281962215E=1210¢02093500222982101k=131000=)283203038904101E~14 LNUP] 212
] o/ LNUP] ern
¢ UL ne ,
UATA(AZ(L) +i81927)/1e97070D2722579000es=144339700271 7750620000 LNUPY ars
12¢97361692202619€=60049°748035160633623760100+4.3313362030728E=T+ LNUPL are
200022¢362150020261E=8¢0091 051596967698 1E=P1000=1+1084939850€=10, LRUPY en
i ) 30090029901 0E=12900028eU907UB0E=|3000e7+893856E=100l0es LNOPY 278
' 28,1 79130 =1900609:0719E=1000c0=]),0006E~]0/ LRUP] 219
‘ < LeuPy 280
, DATACAI(L) o181 910)/1cU0603UBEDILIYIESVe]s78076002096430E=21=3.8017 LNUPIL 28]
' 19293809401€=3+6.971116390236V1E=0¢=1:163088606063892E=¢+1.813676759 LNUP] 282
| 232019€=5922.07T199397891388=043,77701329909906E€=7+=5.12091142950100 LNUOP} 283
! 32€=840,71870399763107E=91260960 1966081 12004E=1001.05564302186899€=1 LNUP) PITY
400=].271U899V000126E=110]+4960]348185064t=12+21471382907805335¢E=13 LNUP] 2088
S¢2.008099%0031 3000k =10/ LNUPL 286
:
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DATA NHTIPLeALIM/1.772053850909920 2,58008952860843082E°1/
DATA NLoNLM]L INZINCMLINIoNIML/ 3L 930028/ 120016015/

XERX

GV TO (100+200) +KQUE
CONT INUVE
IF(XebEe=8,) 10420
ANSS=]

NE TURN

IF (XelTebe) WO [0 12
ANS=] .

RETURN

IF(XeTewy) GO O 30
ASSIGN 26 TO [SET
CONT INUE

Is6e/X & Tiwlel
8280,

8l=0,

V0 29 Islyngm]
Jangelel

TEMPaE1
BlaTZe*Al=d2+a2(J)
HesTEMP

CONT INVE
ANSSZo | =g2eal (]} /2
ANSR (EXP (=A®A) / (XA®RTP][) ) ®ANS’
GU TO LSETe(26927028429)

ANS S| o =ANS

RETURN

ANS 3 ~=]le.+ANS

e Tumn

CUNT [NUE

IF(XeOTedoe) 31940
CUNT [NVE

ASSIUN 20 TO ISeT
CUNT INVE

I3k=3, % Tl 8 2o/
84s0,

Bilsy,e

DU 36 Jsl.naMt
KaNJ=ye )

TEMPsY ]
glsT/og|="2+Ad(K)
BEwTEMY

CUNT [NUE
ANSS2°81-A2+A3(1) /2.
ANSSEAP (=A9R) ®ANS/ X
GO T ISET(20027¢28+29)
CONTINUE

[IFiXelTo=24) GU O 59
ASSIGN 27 10 ISeT
CONTINVE

isa/2, $ Tisied
Has0,

8ls0.

00 o5 [sieNiM]
JaN]efe]

TEM¥sY])
Blarieul=ggeal (J)
823TEMP

CONT INVE _
ANSB(R/72¢)® (L% =H2*A) (1) /¢e)
GO TO ISET(20427028429)
CUNT INVE

IF(XeGTa"0s) 91,060
CONTINUE

ASSIGN 29 TO ISET 3 2mex »
CUNTINUE

Ase XX

ASSIunN 29 TU 1seT

60 10 ol

G0 Tu 3%
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LROP}
LHOP)
LHOP}
LRUP)
LROPL
LHUP Y
LRUP)
LROP)
LHOP)
LRUPY
LMOPYL
LROP]
LHOP]L
LROP)L
LRUPY
LHOS L
LHOP)
WRUP L
LRUP)
LRUPL
LROPY
LHOP)
LHUP)
LROP
LRUP]
LROPL
LRUP]
LRUP |

(W, V] 3]
LRrUP|
LRUP ]
LRUP]
LeOP |
(W[5 37
LrUP)
[ 1V 4
LeyP
(W {V 3
LNUP)
LHUP}
(W {1 3
(R LV 3%
WRUP1
LRUM L
WRUP )
WLMUPL
LRUP}
LHOPL
LROP1
LRUM |
LRUP]
LROPL
LRUPL
LWRUP)
LHup)
(% 17
LRUP1L
LRUPL
LROPL
WNOP]
WLNUPL
LROP]
(W 01
(WL (313
LROP])
LRUP)
WMUPL
LRUPL
LRUP)
(W 1V 3
LeuP|)
[N, (i1 3

s
349
330
kX7
332
333
33s
335
336
337
338
339
J&0
Jo}
Jo2
363
3o
388
360
k1Y)
Je8
Jeo9
3%0
s\
382
KiX}
k179
398
3%
7
3o




200

20%
210

el

249

249

¢8
¢30

CUNT INUE
[F(XeGTomte) GO TU 209
ANS=22. § NETURWN

IF (Rl TeALIM) GO TV 210
ANSB0, S RETURN

CUNT INVE

[F (el Tos) GO TO 21D
aASSIGN 27 TO ISET

GO TO 61}

[F (AelaToda) WO TU 220
IF X To=2e) GU Ty 22%

asslun 26 Tu skl
GU TU 42

A9SJuN 21 TO ISET
Gy To 3%

IF{XeBTo=04) G0 TV 2
ASSIGN 20 V0 IdeT
xsaxa $ 60 TO o
ANSSZ,~ANS § HeTunn

aSsIun 289 TU I3kl $ As=X
GV TQ 39
ENQ

LRUPL
LRUP1
LHUPL
LRUPL
LROPL
WROPL
LRuPL
LROPL
LNUP)
LROPL
LRUPL
LRUPL
WHOPL

LROPL
WROPL
WROPL
WV 3
WHUP L
LNUY)
WROPY
LRUPY
(W 0 2
LROP)
LRUPL
WRUPL
LNUP]
LNUPL

%9
360
3ol
302
303
Joe
3os
o6
kI 1)
308
39
370
ar1
are
373
ENLY
are
36
317
EX} ]
EXL ]
380
381
Jue
383
8¢
EL L)




SECTION IV
USER FAMILIARIZATION PACKAGE

The following section contains sample input to run the SOQ code and to ¢
logically define the sequence of input to model a sample resonator or optical

train the following examples are included:

1. Propagate for Users Guide - Camp 1

‘ 2. Propagate for Users Guide - Vamp
3. Quality for Users Guide

4. Design of a Bare Confocal Resonator

5. Resonator for Users Guide - Bare
6. Resonator for Users Guide - Loaded
3 7. Sample Code Update

1. PROPAGATE FOR USERS GUIDE - CAMP

JHAPC oS TIMEX yR400NeTL774ECLe PHUMAGATE FUR LISERSOGUIDE = CAMP
ACCOUNT (JRALT+33008000003,_ 20e]731)

GETRPF {OLDPL +SOUNTT128s 32000000,

UPUATE(F o W)

FIN(IeLCM=T,0L=20000eL=0+A)

RETURN (OLDPL) #
COPYCR« [NPUIT4TAPES, ‘
REwWINDTAPES,
RFLFC(430)
LGO (PL=60000)
RFLFCLL)

*L R

PROPAGATE = CAMP
$STAQT  WwlL=0,0010569 NCALLZ2s DCAL=21Ses NNPTS=212H
1923¢ NNPXE0,0¢ NURYE0.0¢ AMPGESE22060¢ NGAUSSZ0.0
RESTRT2 FALSE . PLOTS=] .00 [NsaS, 1
SYMIRCE,FAL.SFeer PHIRAU=U.0 SEND
PROPAGATE = (CAMP
$CONTRL [FLOwW=4s SEND
APERTURE THF PLANE WwAVE TO 10, CM.
SAPTUR OQ0UT=l0.0 O1%N=20e9  IEND
PCUNTRL TFLOW=R, SEND
PLOT TwHE [NITIAL SLANE wAvVE
{ $PLOT  SEND
INITIAL WLANE wAVE
SCONTRL [fLOw=3e $SEND H

PROPAGATE THE FIFLD 4000 CM, USING CONSTANT AREA MESH
$HPROPGT NELZ24N00ee ROCUHVEZY,e wINOOA20,1s WINDOK=20,1»
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[1FG=1o [ITh=0 1IpPS=0, SEND
SCONTRL  [FLOwzHe DEND
PLOT PROPAGATFD FIELD
LCT  SFND
PROPAGATEC FIELD
LCONTWL  [FLOW=9. SEND
RETLREN TO maIN
ISTART  wwl ==l FEND
e UR
SEUF

2.  PROPAGATE FOR USERS GUIDE - VAMP

100=JRAUG,STMFX,P60,T77 ECt. PROPAGATEFORUSERSGUIDEVAMP, ID=LREPPEF
110=ACCOUNT(JRALT,00011498-1EL,LRO,1487)
120=ATTACH(OLDPL,S0Q77128, iD=LROPJRA, ST=ANY)
130=UPDATE(F)

140=FTN(I,LCM={,PL=20000,L=0)

150=RETURN(OLDPL)

180=COPY, INPUT, TAPES.

170=REWIND, TAPES.

180=RFLEC(430)

190=LGO(PL=60000)

200=RFLEC(1)

210="EOR

220="EOR

230= PROPAGATE A MIRRORED PLANE WAVE A DISTANCE DELZ - VAMP
240= $START WWL=0.00106, NCALL=2, DCAL=5.6, NNPTS=128,

250= B=8, DDRX=0.0, DDRY=0.0, AMPGES=20.0. DGAUSS=0.0,

260= RESTRT=.FALSE., PLOTS=1.0, IN=5,

270= SYMTRC=.FALSE., PHIRAD=0.0, $SEND

280= PROPAGATE A MIRRORED PLANE WAVE A DISTANCE DELZ - VAMP
290= SCONTRL IFLOW=2, SEND

300= APPLY A MIRROR TO THE PLANE WAVE

310= $MIROR DIAQUT=4.0, DIAIN=0.0, XMPOS=0.0, YMPOS= 0.0,

320= RADC=-400., RMIR=1,, =SEND

330= $CONTRL IFLOW=8, $END

340= PLOT THE MIRRORED PLANE WAVE FIELD

350= SPLOT $END

360= INITIAL MIRRORED PLANE WAVE FIELD

370= SCONTRL IFLOW=3, $SEND

380= PROPAGATE THE FIELD 200. CM. USING VARIABLE AREA MESH
390= $PROPGT DELZ=200., ROCURV=0,, WINDOX=0.1, WINDOK=0.1,
400= IIFG=2, IITR=1, iIPS=0, SEND

410= SCONTRL IFLOW=8, SEND

420= PLOT PROPGATED FIELD

430=SPLOT S$END

440= PROPAGATED FIELD

450= SCONTRL IFLOW=9, SEND

460= RETURN TO MAIN PROGRAM

470= $START WWL=-1., SEND

480="EOR

490="EOF
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3. QUALITY FOR USERS GUIDE

GitAIU S TMP X e PG (N el L/ /e L] WURLTTY PUR JSERS OITIUER
ACCOUNT [URALT +90300309.0009( (el 73])
GETRF (OLDPL «SOQT 71280 [1s0c20000)
HETPF (TAPERGIISEWSGHINERARECUs [Uzwooabsy)
HRPDATE (F owW)
FTN(Lol.CM=T oL =20000si_=0sA)
mE TURN(OLDPLY
CUPYCRINPUT TARPFS,
REWINDeTAPFY,
HFLEC («30)
LOoUu(PL=600R0)
RFLEC(1)
PEUR
FIND THE uALITY OF (W€ FIFLD
$START WAL S0.0010Ae MCALL=2s )CAL=1 40780 NNRTS=] 2R,
[B=ue DORX=J,Ne NUORY2V a0 AMPOGFS=1400 NEAUSSS0 00
RESTRT= ,TRUF e PLOTS=i40e [N=S,
SYMT'Qc=.FALSF|’ DHIQA;)ZU.(). ﬁFJU
FIND THE uALITY OF THe  FIELO
SCONTRL TFLNw=R, RE NN
RPLOT THE FIFLU
PLUT SEMD
FIRELD AT INRUT
SCONTRL TFLOWSY, SENI)
RETUQ T MALN OROGRAM R OR NUYALETY Cat i atTion
DRTART NCaptL =12 St
et 2 1(10‘5"
IILDT NB=10 PG ISAV=0slLT=ny WHASE =Sy SFND
VR 3 1 .ha
HSTANRT wwi==l.e $FND
O6 4l ’
*EF

4. DESIGN A BARE CONFOCAL RESONATOR

Assume that one wishes to design a positive branch, unstable bare
resonator with a collimated output beam for a given geometric coupling
Cg, length L, and concave mirror size (al). To solve this problem design
a confocal resonator in the following fashion:

Geometric Resonator Design (Fig. 74).




-

Define the following parameters

A a,
)T

CUM

Figure 74. Geometric resonator design.
Recall the definition of geometric coupling.

Agyr 783 - T8} 1
C = = 3 21 - - 3 (268)
g2 Arorar ra; 22
21
But M = az/a1 is the magnification of the resonator, thus
1
Cg= Cg=1--3 (2689)
M
Or inverting this expression, one finds
M= L
1--Cg (270)

Given the magnification and length of the resonator, one can find the required
mirror radii of curvature, since for an aligned confocal resonator both the
convex and concave mirror foci are coincident. Figure 75 describes this

coincident feature.

Figure 75. Required mirror radii of curvature.
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a. The focal lengths can be related to the magnification by noting
that

a, a, ag '
tan6=f—=f—=f—‘, (271)
1 2 3
therefore
P R £l 272
M= = =
3 ) £

The focal lengths are then found to be

f’ = Mf, = ﬂ (273)

15 wr  end 1% W1

Since the radius of curvature of a mirror is twice its focal length, the two

radii of curvature are

~
]
)
]
—
X

T 2 17 M1 (274)

<
=
)

where the negative sign indicates a convex mirror and the positive, a con-
cave. For example, if L = 200 c¢m and Cg = 0.75, the magnification and radii '
are found to be

1
M= =2 (275)
0.25
R, =~ 2)&?0 = =400 cm and R, = -(2)(-400) = 800 cm (276)
]
b. Tube Fresnel number -- The tube Fresnel number for this resonator

can be found by the fact that the expanding pass propagation distance L has
an equivalent collimated propagation length of ML so the round trip colli-
mated propagation distance is (M + 1)L. The tube Fresnel number is then
(assuming the CVM is 2.0 cm in radius and the beam has a wave length of 10.6

um) . 4




a, a2
N, = 1 = (2) = 6.29

T DL 500y (10.6x107H 277)

c. Computer requirements

(1) Overlap -- Since the beam diffracts during propagation, it is
necessary to have a large enough calculation region to always contain the
beam. The required overlap can be calculated according to Sziklas and

Siegman (Ref. 2) as

© 2n N.e (278) i

where ¢ is the tolerance on fractional energy loss during propagation. Taking

this to be 0.02, one find the guardband to be

)
G > 1+ = 1.4 .
- 2 (6.29)(0.02) (279)

Thus the initial calculation region must be at least G times the beam size:
DCALC = 1.4 x 2x2 = 5.6 cm (280)

(2) Number of points required -- Sziklas and Siegman also show
that in order to adequately sample the beam, the number of points in each
dimension must obey the following inequality:

Np 2 4G(G + 1) NT (281)
This becomes

N > 4(1.4)(2.4)(6.29) = 85
p 241 9)(2.4)(6.29 (282)

Standard input for the SOQ deck is 128 by 128 so this criterion is satisified.

d. S0Q input ~- As a result of the above discussion, the parameters
%:“ used for a bare resonator test case could be the following:
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[ f—- ——————— e i e s

NPTS = 128
DCAL = 5.6 ¢cm
CWM: RADC = -400 cm ,

DIAOUT = 4.0 cm
DIAIN = 0.0 ¢m

DELZ = 200.0 cm

CCM: RADC = 800.0 cm
DIAOUT = 8.0 ¢cm
DIAIN = 0.0 cm

5. RESONATOR FOR USERS GUIDE - BARE

JRARR ¢ STMF X 4P600NT17/+ECL. RESONATORFONUSFRSGUINEBARE
ACCOUNT (JRAL T 02vw00o0ad 000, KOs} T3]
REUWUEST(TAPE AR 9PF)
REUWUEST I TAPEG «9PF)
GETFF (OLDPL +S0Q77128¢[Ds%as0ssaa
) UPUATE (FeNeswol =0)
. FTN(IoLCMSTPL=200004L=04)
' WE TURN LULDPL)
COPYCR INPUT s TAPES,
REWINUTAPES,
GETRPF(PERWUSFRSGUIDERARECUSMy [U=00aca0e)
GETRF (PEJSUSFRSGUIDERARECU s [Dsvasovas)
RFLEC(430)
LGU(PL=/00ND)
RFLEC (1)
PURGE (WAPER IISERSGUINERARECUSMy [Usoeoaad®e,( r=])
PUKGE (WAPEQ  USERSGUINEHARECUs [uzdonaesa, (=1)
CATALOG (TAPES ¢USERSGUINEBARECUSMe [Nz2000303 ,RP=2399)
CATALOG(TAPESQUSERSGUIDFBARECUy [)=0004802,QP=0Q09)
*EQR
SEUR
SIMPLF CONFOCAL RARE RESONATOR = M22, NTUBE=S,03
‘ SSTART  wWwi30,00106¢ NCALL32y DCALS36,49 NNPTS=128¢
i 1828s NORX=0,0¢ DORYZ0.09¢ AMPGES220e0¢ NGAUSSZ0,00
RESTRT=2 ,THUE.s» PLOTS=]).0¢ [N=S,
SYMTRC= ,FALSE.e PHIRAD=0,0s BEND
) SIMPLF CONFOCAL BARE WESUNATUW « Ma2, NTUBE=5,03
' SCONTRL [FLOwW=2+ 3END
. APPLY CvyM MIRROR
) SMIROR RANC=2«2000es DIAQUT=24,09 NDIAIN®Q,Gs RMIR=,097,
! ODELTA=N ,0e ANGXX20,Ne ANGYY20e0y XMPOSEN,0¢ YMPOSEN,0»
DISTF=N N §END
SCONTAL IFLOw=R, SEND
PLOT THE CVM FIELD
$PLOT SEND
TNE CVM FTELD
SCONTRL [FLOwW=3e $END




PROPAGATE THE FIELD TO THE CCM USING VAMP

[[THals ROCURVE1A0N.e SENU
SCUNTRL [FLOw=2R, SENO
PLUT THF FIELD TNCIDENT ON CCM
$BLUT  SEND
FIELD TINCIDENT UN CCM
SCONTRL IFLOw=2e 3$€END
APPLY CCM
SMIROR RADC=24000.s DIAQUT28,0 »END
3CONTRL IFLOwaR, SEND
PLOT THE CCM FIELD
PLUT SFND
FIELDN aFTER ON CCHM
$CONTRL [FLOw=3e $SEND

LITR=0e PDCURVZY,0¢ SEND
$CONTRL  [FLOw=6s 3END
FIELD CHTOUT AND INTERPULATION FOR THE NEXT PASS
SCUTOUT NIREAM=6.0¢ OVHLARPZL 469 DXAR204y NYYR=O0.y MAxIT=3.
AVCUSM=0,0s SEND
SCONTRL IFLOW=a3s  SEND
PLOT ThE FIELD INCILDENT ON CVM
SPLOT SEND
FLELD INCINENT uUN CVM
DCONTAL  [FLOwW=7e HEND
CUNVERGENCE TEST
SCUNTRL TFLUW=GQ, SEANN
RETUKN TO MAIN PRQOGHA
SSTART wwi==l,e 3END
°F IR
WEUF

. RESONATOR FOR USERS GUIDE - LOADED

JHALRsSTMFX 4P40ONTL17T74ECL, HESONATURFORUSERSGUIDELVADED
ACCOUNT (URAL Tooduansaeasadye QUs1731)
REQUEST(TAPER 4 2PF)

QEGUEST(TAPE QeaPF)

REQUESTITARPE) ] «2PF)

REQUEST (TAPE 12+9PF)

REWUESTI(TAPF]3¢owF)

3 GETPF (OLDPL ¢S0W77128¢IDavednson)

’ ‘ UPDATE (F eNswoelL20)

¢ FIN(ILCM=T 4PL=200N0sL=2ded)

Pt RE TURN (ULNPL)

L COPYCH s INPUT « TAPES,

} NEWIND s TAPES,

b GETRF (TAPERUSERSGUINELOADEOCUSMy [Nxeoes0n0)

o RETPE (TAPEQ 4 USFHSGUINELDADEDCUs [D=000sves)
; GETPF (TAPE] ] +USEQSGUTDELUADENCGL] ¢ JU9osa0ea)

: GETPF (TAPE 12 USFRSGUTDELUADENCGI2 ¢ [Uz®o00024)
GETPF (TAPE 13 USERSGUTDELOAVEDCL] Je[Uzoos0sse)
GETPF ({TAPEIL+0PC1131161PToSECCONTXY ¢ [Dasons000)
: RFLEC(430)

- LGO{PLEA0QN}

- - RFLEC(1)

$PRUPGT NELZ21000e¢e WINDOAZO«le wINUOKZ0,)1s TIFGa2e [IPS=0

PRUPAGATE THE FIELD RACK TO THE CVM USING CONSTANT AREA MESH
IPRUPGT DELZ=1000es #INUUXZQele wlNDUKZ0,le 11FGz)e 1IPS2D,




PURGE (WAPER JUSERSGUINELNAUEDCUSMy [Daeecaedes | Cx])
PUKGE (WAPEQ+USERSGHINELNANDEDCU s [Us®oenaca,| (x])
PURGE (WAPE 11 USEQRSGUIDELQALEDCGL s [UsteRecaa,y Ca])
PURGE (WAPE 1 2 JUSERSGUTDELQADEDCGL 2y [U=Resasaa, C2])
PURGE (NAPE ) 3+USERSGUTIDELOAVEDCGLLIvIDasdueda,( C2]l)
CATALOG(TAPER USERSGUINELOADEDCUSM [N=vvs00no ,RPE939)
CATALOG(TAPEQUSERSGUIDELOAVEDCU s IDs20nossa ,RP29909)
CATALOG(TAPE 11 +USERSGBUINELVAUVEDCGl ] v jUs®en00e0,Q0P29G9)
CATALOG(TAPE 12+USERSGUINELVADEDCHE12sD=9000aee,RP299Q)
CATALOG(TAPF13+USERSGUINELVANEVCH13s[D=2200v00es,RP=2999)
SEUR
*E QR
SIMPLE CONFNCAL LOADED WRESUNATQOR = mM=z2, NTURE=S5.03
$SSTART  WWL=20,001069 NCALLZ2y DCAL=6.49 NNPTS=128,
IB=8¢ DORX20,0¢ UNRY=20.09s AMPGES320,0¢ DGAUSSE0,00
RESTRT= ,TRUE,s PLOTS=]1.0¢ IN=2S.
SYMTRCEFALLSE,» PHIRADS0,0¢ SENO
SIMPLE CONFOCAL LNANED RESUNATUR = M=2, NTURE=S,03
SCONTRL IFLOW=2s SEND
APPLY CVM MIRROR
SMIROR RADC=2=2000e¢ DIAOUT=6,0¢ DIAIN30,0s RMIR=,997
DELTAZ0,0¢ ANGXX=N40¢ ANOYY=060 XMPOS=0.0. YMPQOS=2U.0
NISTF=2.F=7, SEND
SCOMTRL [FLNOw=8. $END
PLOT THE CVM FIELD
sPLOT SEND
THE CvMm FIFLD
SCONTRIL. TIFLOw=3s SEND
PROPAGATE THE FIEIDO TO THE CAVITY USING VAMP
FPOORGT DEL7=21NNes WINDOXZ0O.1le WINDOK=Del, 1IFG32y [1PS=0,
IITR=0s ROCURV=1000,. SEND
SCONTRL [FLOw=ls SEND
aAPSLY GDL CAVITY
$CAVTY]l NCAVNQ=ls NSTF=zas [LK3le LTy 7PW0P[=0,.0
ZPROPQ=190,¢ SEND
SCAVTY2 XLEN=24,32¢YLEN=]]le4s ZLEN=TS0s9 XMCAV=6H,0 YMCAV=0,

NQOX=190, NONY=90 ¢ " NOSEU=3 FLAG=]11a0 MREST=Z0,.0
NGTYPE=20, NGPLOT=0. [PLDEN=Q» IUSE==1.

T1=391.2 T22395.2» T3=]1284 TN2=1333.9

rS=313.» PSa,0422 va]171380.9 PHRCH=18,

XN2=,81A1. XC022.,1388y XH20U2.,0l46¢ XCO0=.00649 XU2=2,0241,
AVGAIN=,3. $END

USERS GHIOE LUADEL RESUNATUR
SCONTRL IFLOWS?2s $END
APPLY CCM
SMIRUR RADC=6000.s NIAOUT38. SENV
SCONTRL [FLNw=He SEND:
PLOT THF CCM FIFLD
SPLOT $END
FIEL!) AFTER CCM
SCOMTRL  IFLOw=le SEND
PROPAGATE THE FIELD nACK THROUGH THE CAVITY USING CUNSTANT AREA MESH
SCAVTY] NCAVNO=le NSTE=2le ILH==le NPLTZ0s 7PROPI=1SU.
7PROPNEINN,s SEND
SCONTRL [FLOw=Ae SEND
FIELD CUTOUT AND INTERPOLATION FuUR THe MEXT PASS
SCUTOUT DIRFAMZ4,0e¢ UVRLAPZ] (09 DXXRZIQes OYYRS0se MAXKIT=Jo
AVCUSM==],+¢ HEND

o YR e =




SCONTRL [FLOwsYSe  SFh)
PLUT THE FIFELD INCIDENT ON CVM
$FLOT $END
FIELD INCIDENT ON CVM
SCONTRL [FLOwW=T7 $END
CONVEHGENCS TEST
SCONTRL IFLDw=Y9, SFND
RETURN TN MAIN MRQOGRAM
$START dWL==l,s SKEMNY
*EQR
FEUF

7. SAMPLE CODE UPDATE

The following file is included to illustrate the set of updates which
would be included to add a subroutine to the existing SOQ group of subrou-
tines. The updates are comprehensive in that they illustrate common modifi-
cations and include a namelist and subroutine within the beam quality calcu-
lation division of the S0Q code,

JHALR G TAF X 44 G0GoT L/ 4EC] AR JERNLRE REMQVAL T0O 204
ACCUUNT (JRALTso22200a0.0a@, ROs] 73]
GETRF (OLDPL +S0N77128«l)3%00 000y
UPDATE (FoewW)
FINC(IoLCMST 4 220000+L30eA)
RE TURN (QLDPL)
CUPYCRJINPUT s TARFS,
PEWINDCTAPES,
=FLEC(430)
LGO(PL=600NN)
RFLECL)
SEOR
*10 ZRMIKE
*] GLL.26)
{ZERN 3 0
1 GLL.31S
1ZERN = 0
*l SOQ77ICY1, 168
C s 23 APPLY UP TQ 26 ZERNIKES IN UNITS OF WAVESe REAOS ZERNS
*] GLL.29
LOGICAL FRINGE
U GOLe29%¢50077CY1.1067
C /16 717 718 /19 1720 72) 722 /23 /
Xelmd0es17NelR0+190420002109365¢230)1IFLNW
*) GDL325:S0UT7CY] 168
c 7216 717 718 /19 /720 721 /22 /233 /
XelB0el70¢1lARN0+190¢2000210¢365:230)01FLIW
*] GOL.327
COOOOOOOOCOOOOOQ00.0000000‘00009‘00000000000000000000000000000
(o APPLY 2ERNIKRE
CO..‘Q‘.’.0000"00“‘00“0‘00000‘00.‘.0.000‘“‘0‘0000‘0000‘000
230 12ERN = [72€RN + |
IF (an'olNlT) 60 T0 264

a——
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FRINGE = FALSF.
DO 268 [=]1.24

248 P(1) = 0,

NQ 2649 1s]+35

249 PFRNG(]) = 0.
READ (S e«ZERNS)
00 239 [=1.,35%

2319 IF(PFRNG(I) NELO,! FRINGE=,T,
IF(.NOTFRINGE) GO TU 24]
WRITF (&e265)

245 FORMAT(/SX+2FRINGE COEFFICIENTS BEING CONVERTED TO SO0 QRDER,®/)

P(1) = 0o, _
P(2) = PFRNG!(]) *
P(3) = PFRNGI(2)
P(a) = PFRNG(I)
P(S) = PFRNG(4)
P(6) = PFRNG(S)
P(7) = PFHING(8)
P(8) = PFRNGI(T)

* P(9) = MFHRNG(9)
P(10) = PFRNG(10)
P(11) = PFRNG(A)
P(12) = PFRNGI(11)
P(13) = PFRNG(12)
P(l14) = PFRANG(16)
P(15) = PFANG(1T)
P(l16) = RFANG(1I)
P{17) = PFANG(14)
P(18) = PFRNG(18)
P(l19) = FPFRNG(19)
P(20) = PFANG(29)
P(2]1) = PFHNG(26)
P(22) = PFRNG(19)
P(23) = PFANG(24)
P(24) = PFRANG(3Y)

IFRTST = n
DQ 246 X=20.23
2646 [F(PFRNG(K) JNE,04) IFRTST = |
NN 2643 K=27,34
263 TF(PFRNG(K) NELQ,) IFRTIST = |
IF(IFNTST.FAal) WRITE(6e247)
247 FORMAT (/SX¢®WARNING = FRINGE COEFFICIFNTS OF ORUER 20 THRUUGM 23e,
C ® AND 27 THRUNOM 34 ARE IGNORED®/)
261l DU 262 T=z1424
242 PISAVE(1+12ERN) = P(])
PZSAVE (25+1ZFRN) = RO ‘
264 CALL ZFPN(PZSAVE (25+1ZENN) sPZSAVE (L9 I7FRNS)

IGNAL = 1}
GO 70 999
*D GOL.27
DIMENSTION IPLTS(S0) ¢PLSAVE(2S410) 99 (26) yPFRNG (39)
*l GOL.33
NATA PePFRANG/26%0,939%0./7 ¢ RU 7/ 9, /
*1 GDL.263
o
NAMEL IST /2ERNS/ RQ P e PFRNI
o
< Q0 = WANTUS OVFH 4HICH ZERWIKES ARE VvALID.
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- c P 3 ARRAY ZERNIKE COEFFICIENTS,

C PFANG = ARRAY FRINGE (ERNIXKE COEFFICIFNTS (CONVERTED TO P IN GPL),
i ¢l LROP1,38%
SUBROUTINE ZERN(ROLP)

LEVEL 2.CUR
COMMON /MELT/ CUR(32768) +CFIL(16512) ex(12R) swlL e nPTSeNPY JDRXIORY
COMPLEX CFIL
NIMENSION P(24)
[F(RO.FRsO,) GO TO 70
DO 100 lY=].NPY
JI = (IY=]1)eNRTS
YSQ = x([Y)ee2
DO 100 IX=2)NPTS
XS = x(IX)en2
INDX = IX o Jl
R a2 SYRT(XSQA+YSQ)
82 THET 3 ATANZ2(X(IY) X (1X))
R = AMIN]I{R/ROs].)
Cr = COS(TRET)
C2T = CUSI(2.,9THET)
C3T = COS(3,%THET)
CoeT = COS(4,2THET)
CST =2 COS(S,*THET)

JHOA/ ey AP X gty o' [ 7/ gb L] e AR fERNLIRE WEMQVAL T 30Q
ACCUUNT [ JRAL T 10903030V an ey ity ] )4l

HGETPF (N 1 QNN T T A, [ 1 sd0vaveas)

JPGATE (F ew)

FINCToLCMST oL =ZN0NY oL 30 en)

HE TURN (L DPLY

COPY R INBUT JTARFES,

“Ew [N F8PF s,

wFLEC e 30)

LG {PL=8C0n0Y

SFLECH)

vt UR

*ly IRMIKE

@ 6GLL «PAY ﬁ
12BWM = O

°1 GUL3IS
178N = 0

o SUU?,CY‘.IH"\ b

c 2 23 APPLY uP fu Je LSWIfKED [t UNTITS OF <AVFSe REANS ZFRNS

o] (UL .29

LOUGICAL FH[MNGE
oL UL 2955007 7CTYL 187
C /16 717 /18 719 /720 721 722 /723 7/
XelAaGoel7NelA0el90¢200¢2100365¢230) oIFLNW
oh GUL 1294506770 Y] ,168
C 16 7101 s1lR 719 720 F2Y 122 123 7/
AelARDsJ?NelANG1 N e200e21Ns3BNe2 M) s lPiLiow
2, GhL.327
c.000000000000000000000000000000000oo.o0000.000000000000006000
C APLLY JFRNIRE
CO..‘..O..O..O‘.000.0‘0000000.......000‘00‘0.0.‘0..'0‘00.0‘.00
W0 T7F8N 2 [ /2eWM o |
TF (oMo [11T) GO TO Qes
FRINGE = FALSF.
Ny 2en [=2l426
el P(]1) = 4,




M) 26w 131638
269 PFRNG(T) =2 2,
WE Al (Selkhwng)
Ny 239 [=1.38
239 TF(PFFRMG(]) JME U,) FrIMGES,T,
IF(.NUTJHIMH';! (1) T\J ?“l
AT TF (ko205
€65 FORMAT (/SXe@FRINGE CURFFICIENTS neEING CONVEWTEN TO SON (RYER,*/)

P(1) = 0,

P(2) =3 WFRYG})

D) = BFWNG(Q)

Pla) = FFeMG(Y)

PD(S) =z HFWNG() .
Pl z WeRNG(Y)

P(T) = wFING(R)

P(9) 2 PERRO(

T P(9) = WERNGI(Y)
P(10) = PFOING(LY)
P(11) = WFRNGI(R)
P(12) = WMFWNGI(L )
P(13) = PFAInG12)
Flle) = RPFRINGIIH)
P(195) = PFAING(IT)
P(lA) = RFRNG(TI)
P17y = PFINOITa)
P(1R) = RFINGITA)
P(19) = »kRiG(i1Y)
R(20) = RFRING(?2Y)
RP(2l) s PFRNG(26)
P22) = FPERIGYI=)
P(23) = PRING(Pe)
P(26) = HFRS (1)

[FRTST 2 n
N Pek 22021
Cub TFIIRFRNGIR) (NEL0O.) TFTST = |
N 243 X=¢?4in
2a3 TF(PFWwNG{%) Nk o0, IPNTST = |
TF (TP wTRTFiiel) wRITh (Aedel)
247 FOMMAT (/S K4 2wARN[NG =~ FRINGF CURFFICIFNTS OF OBUER 20 THRlius 23e,
C @ AN 27 THRUMIGH o AWE [TUNONEN®/)
261 MU 262 T=zlela
242 PZSAVE (Tei2¥Nn) =z V()
BLSAVF (29T /F4N) = WU
Caw CALL [JFRM(P/SAVE (2% LLENN) oP7SAVE (19728 ki)
IGNAL = |
G TQ 9@
%0 GUL.27
NIMENSTION [PLTS(N0) ¢+PLSAVE (29e1N) 1P (26 ) sRFRANG(ID)
*1 GDL I )
DATA 2 ePENNG/2890,039%0,/7 o WO / 9, /
I OuLe24)

NAMEL IST //FWNS/ R0 ew o PFRN;

© = ARWBY /FRMIKF CURFFICIENTS,

PFONA 2 ANAY FNTNGE (ERNIKE CUOLFFICIFNTS (CUNVERTFD Tu P IN 6PLY,
[ LweP), 3Ry

SUHKROLTINE 2F RN (2N 4 R)

LEVEL 2eCHb

L4

o

c

< Q0 = WAPTUS OVEw 4mICr ZERJIKES ARF vaALIN,
C

c

o

ai

1
]




COMMOR 0k | T/ CUn (32708 sCFILILO912) e X (128) sl s 4P TSeMBY o\ X o 1IRY
TUMPLE X CRIL
NIMEMS TG Pt2a)
TF(RO Flader 0 T 7y
N 10y [y=leney
J1 3 (TY=l enNPTy
YHQ =3 xityie0p
N} 100 Tus) o BTS
XS = X (TX)ea,
% 2 ta o L}
§ = SuRT xSUeYSQ!
S TmeT = ATAA(ACIYYoX(]X),
N3 AMTN iR/ 06] )
CT 2 (D9 (TuFT)
cer COS(2,9TweT)
c3r CNS v, oTmE T
CoTl COS(6,2TmET)
csT CoSin,oTmg ™)

ST =2 SIN(THET)

S2T = SIN(2.,°THET)
SIT =2 SIN(R,*THET)
S4T a SIN(G ,oTHET)
SST 2 SIN(S.*THET)
Q2 2 Qoeop

R3 = RoKZ

R4 = RoR3

RS = Rrobs

R6 3 KoRS

RHY =2 KH24R6

R10 = RZ2eRA

DEL =2 P(]) + P(2)eReCT + P(3)ones]
P(4)2({e,?Q2~],)

P(S)oeR2eC2T s PLO)eR2¥S2T
P(71#(3,%R3=2,2R)eCT &+ P(d)2(3,2R3=P,0R) ST
P(9)9R32(C3T e P(l0)er3eSaT
P11)9(R.2Q4=0,%H2+],)

mcocowp
LR S

* P(1219(4.8R6=3,9R2)12C2T o P11 (4,%R43,oR2) *S2T
o W(l16)PRGDCAT . Pllo)eReeS4T
¢ R{lA)®(11U,PRS=]12,93s3,2R)*CT
+ PU1T7)19(10,9RS=12,#K3e,0H)uST
¢ PIRI2(5,9R5=46,%R319CIT » P(19)9(5,905=4,903) ¢S3T
e P(20)92RS®CST . P{2l)ersas5T
¢ P(22)9(20,2RO=30,%R06e|2,9H2=],)
e RF{23)9({T0,2H8=140,2H6+90,%R6=20,9R2+],)
. P(26)0(252.0R10~630.0R80560.'Rﬁ-?lo.ORQOJO.DRZ-l.)
60 INU?2 = IN(IX®2
NEL = NEL22,%3,1415920654
COSD = COS(DEL)
SIND =2 SIM(DEL)
CURS = CUKR(IND?=1)
CUR(TNNP=l) = CURSSCOSD ~ CURIINDE)®SIND
100 CUR(IND2) 2 CURS®SIND « CURC(INDZ)®COSD
WRITE (&e200) QQ,4P
2NN FORMAT (00ZFERNIKE PHASE CORRECTION APPLIED wITH NQRMAL JZATIONS
A ® RADTIUS OF ®4G1S.4 /% COEFFICIENTS USED P (1) =P (24},
8 & ARY COMSISTENT WITH THE PHASE DUE TO THE NTH TERM REING®//
C 20Xa24Mn PHI(N) = 2O0P[®R(N)®2(N)//

ZECAC—IGT

291




D ® ZIN)Y =2 RFE(N)®yHes®F (THETA) ( RF (N) NORMALIZEUVU TO 1. AT R=],.,*//
E (1XeS620.5))
RETURN
79 NQR = MPTSonNPY
DO 80 f=].NUB
[[=]e]
IIMlztfbl
CUR(TIML) = SUQRT(CUR(IT)992eCUR([]v])ae2)
890 Cur(ll) = n,0
WRITF(6430)
300 FORMAT(//19Xe2CYU PHASE MAS HBEEN SET Tn ZERD [N SUBROUTINE ZERN®//)
RETURN .
END
SEUR
TEST ZEANIKF AUDITIUwN
SSTART wwi =0.001069+ NCALLZ22¢e DCALS1Ses NNPTS312%,
[828s DORX20,09 NORY20e0e AMPGES320e0r NGAUSSZNL,N
RESTRT=,TRUE,s PLOTS=1,0¢ INZS,
SYMTRC=,FALSE v PHIRAD30.0¢ SEND

ST = SINITRETD)

ST = SIM(2.0THET)
SIT = SIN(R2THET)
SeT 2 SIN(G,°THET)
SST = SIN(S.*THET)
Q2 z Woewp

R3 = Rowg

Re = Rot]

NG = oWy

RE 2 WekS

RH 2 WPeR6

H10 = WEORA
NEL = L(]) o B(2)eR®CT  + P(3)ones]
o R(6)®(g,2Q2=],)
v B(5)AQ2e( 2T e P(H)eRAIGZT
o P11 3,002,201 0(CT o P(B1*(31,0R7=2 ,2Q) ST
¢ P(9)eR3e(3T e P(lU)om3esiT
. P(]').(6.046-°.°H20].)

e D(12)19(4,2R6=3,9N2)2C21 o P{l119(4,2RG=3,2K2)S2T
o Hila)ena®ChT . R(lY)*R62S5,T
e H(1AIS(10,?RS=]2, o3 oR)2CT
e PULITI®(10,0RS9=]12,9w3e, o) 4QT
e P(IR)I®(5,935e6,2R3)92C3T o P(19)%(9,27%9=4,2R3)9S3T
o P20 0RGCHT . P(21)9459%57
o RP(22)19(20,2R6=30,940¢]2,%H2=],)
e B2 (TY.2RE=160,%R6e9()2Re=20,?R2*],)
e Pi26)® (292, U=630.9RB+96U,%RA=2]0,9N4030,%R2=1,)
A0 IND?2 = INDXRP
NDEL = NFL2?,%3,1641592054
COSD = COSN(LEL)
SIND = SITHDEL)
CURS = ClWw(INDP=])
Curilauns=11 = CURSOCHSD = CURIINUZ) ¢SIND
100 CUR(TRMD?) 2 CUSESINGD o CURIINDE) 2COSD
WRITE (PePNQ) Q0P
200 FORMAT (e07FWNIRE PHASE CORRECTION APPLIED wlTw NURMALIZATIONS
® RANTUS (F ®4alSee /7% CUEFFICIENTS USEDN P(l)=P(2e) 2,
® ADy COMSISTANT WITr THE PHASE QUL T0O THE NTH TERIM REINGS//
O0Xe2ur WHI( 1) 3 2OP (@R (NI®/(N)//
8 2(N) 2 BE(MNI®,IH®oF (THETA) ( WF (N) NORMALIZEL TO 1. ATl Rsl,¢//
(1XeR620,9))

Zirarce—=31amM mocoOap

MOoOOx >




Ut TUDN
73 MUR 3 MeTHoenpy
N3 AN [=] MUK
[lafer
[ =171=)
AUR(TIML) = SURTI(CUR(III®®2eCuUr([]l¥])ae?)
20 CumillYy = 0,0
WwRITE (6y109)
3NN FOAMAT (/711X 90U BHASE HNAS HFEN SET TA ZERO [N SUHRODUTINE 7EQNS//)
HE TURN
FnD
SEUR :
TEST 7FwNIKF AUNTITIuw
SSTART  wwi =0.7010he NCALLSZ2+ NCALZ1Ses NNPTS2]1274,
[33dy NRX20,06 NURYZ0eyue AMPGESE2(0 ey NGAUSSEN 0
RESTRT=,TwUF, s PLUTSZ).Ne [N=S,
SYMTRCE,FALSF <o PHIQA020.00 $END
TEST ZFRNIKE ADDITION
SCONTRL IFPLOwW=44s SEND
APERTUWE THE PLANFE wAVF TO 10. CM,.
2APTUR  NULIT=1T, ¢ OIN=0er enND
SCONTRL [FLOW=SR. SEND
PLOT TrF INITIAL PLANE wAVE
sPLOT  SEND
INITIAL PLANE wAVE
SCONTRL [FLUW=23s S3END
APRLY SPFCIED 7ERNNIKES
S7FRNS RNzQ, P(4)3,]1e P(D)Se]le PlO)=.1e  $FND
SCONTHRL [FLOw=Re SEND '
PLOT TwE /7FRNIKEN PLANE wAVE
$PLCT  SFEND
2ERNIREDN PLANF WAVE
SCONTRL  TF1 Dw=23s $SEND
REMNVF SPECIED ZERMIKES
I2ERNS RON=C, WFRNG(3)S=,le PFRNG(G)==,1¢ PFRNG(S)z2=,1s SENU
SCUNTRL [FLNw=R, RENN
PLNT THF HFZERNIKED PLANE #AVE
SPLUT Fun
NEZFRNIKEN RLANE WAVE
SCONTRL [FLCw=9, HEND
=F TURN TO AN
$START  wWwiz==l,s $eND
Se YR

To obtain source printouts of the SOQ code, the user must run the CDC
update program. The compile file may be used as a source listing or if the
user so desires he may run the Fortran compiler on the code to obtain a
compiled version or listing along with any desired Fortran compiler options
supported under the CDC NOS/BE system. The file output will contain the

desired listings. The following job setup is include as a guide:
Job Card

Account Card

Attach, OLDPL, S0Q77128, 1D=
Update, F.

FTN.
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